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ATTACHMENT A, AREA OF REVIEW 
 
1. A.2.1, Hydraulic Control: Curis states that hydraulic control was demonstrated in the short-term 

1997-98 BHP test, but EPA does not have adequate documentation that the 1998 demonstration 
was acceptable.  However, Phase 1 operations will provide additional information on the 
capability to maintain hydraulic control and allow EPA to evaluate whether or not sufficient 
control has been demonstrated before Phase 2 commercial operations are permitted.  Please edit 
the last paragraph of section A.2.1 to describe the nearest USDW more clearly in relation to the 
exempted zone that extends to the base of the MFGU or 200 feet above the top of the oxide 
bedrock exclusion zone, whichever is deepest. 

 
Response to Comment 1 
 
The requested edits to the last paragraph of Section A.2.1 of the Underground Injection Control (UIC) 
Application are included below: 
 

The nearest USDW to the proposed PTF facility is defined as beyond the proposed Area of 
Review (AOR), which extends 500 feet horizontally beyond the PTF well field area.  The PTF 
well field area and the proposed AOR are located entirely within the previously approved 
aquifer exemption area.  The aquifer exemption extends vertically to the base of the Middle 
Fine-Grained Unit (MFGU) or 200 feet above the top of the Bedrock Oxide Unit, whichever is 
deepest. 

 
 
2. A.3, MODFLOW/MT3D Groundwater Model and Simulation Results: Please add a full graphical 

and textual discussion of the results of the most recent model runs submitted to EPA dated 
March 29, 2012, with regard to the extent of vertical fluid movement (in terms of feet) after 
48 hours and up to 30 days without hydraulic control with specific reference to the vertical 
dimension of the exempted zone.  That discussion should include results of model runs that 
simulate injection in the fault zones without hydraulic control for 48 hours and up to 30 days of 
operations in the PTF area.  We have concerns about use of the three-layer UIC model and the 
results obtained without including the middle fine grain unit (MFGU) and upper basin fill unit 
(UBFU) in the model along with a highly conductive fault zone intersecting the model at an 
angle representative of the Sidewinder Fault. The more detailed Florence Copper Project (FCP) 
model may be a better tool to use for this assessment. 

 
Response to Comment 2 
 
A subset of the model simulations and results previously submitted to the United States Environmental 
Protection Agency (EPA) on March 29, 2012 were generated using the three-layer UIC model, which 
was a generalized model based up on the Florence Copper Project (FCP) model construction.  In 
response to Comment 2, specifically relating to concerns about the configuration of the three layer UIC 
model, relevant model simulations have been re-run using the FCP model, which includes a total of ten 
layers to explicitly simulate the Middle Fine Grain Unit (MFGU), Upper Basin Fill Unit (UBFU), and 
the Sidewinder fault, in addition to the Lower Basin Fill Unit (LBFU) and oxide aquifer units 
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(including the exclusion zone).  Proposed recovery and injection wells in the FCP model have been 
reconfigured to reflect the specific number, distribution, location, operational mode, and construction 
details of the wells proposed for the Production Test Facility (PTF). 
 
The reconfigured FCP model has been used to evaluate several scenarios in response to the EPA 
comments, including comments regarding the potential for vertical migration.  As explained in more 
detail below, the model results demonstrate the potential for the permit-required hydraulic control and 
exclusion zone to protect groundwater quality outside the injection and recovery zone.  The exclusion 
zone is defined as the top 40 feet of the oxide unit.  Injection wells may not be installed with a screened 
interval in the exclusion zone unless approved by EPA.  Curis Arizona does not propose to install any 
PTF well with screens in the exclusion zone.   
 
Figures 2-1 through 2-8 show the results of scenarios requested by EPA for evaluating the potential for 
migration where an injection well operates at full capacity but without hydraulic control.  Model results 
indicate that injected solutions will not vertically migrate beyond the exclusion zone during the first 
48 hours of injection without hydraulic control.  As explained below, although the contingency plan in 
UIC Permit No. AZ39600001 allows up to 48 hours without hydraulic control, Curis Arizona will 
discontinue injection promptly following the determination of a loss in hydraulic control and will not 
resume injection until hydraulic control is restored.  Nevertheless, injection without hydraulic control 
has been modeled for up to 30 days in order to respond to EPA’s comments.  The model results 
indicate that the injected solutions do not vertically migrate beyond layer 5 in significant concentrations. 
 
A summary of model specifications is provided in the Table 2-1 below. 
 

Table 2-1.  Specifications of the Florence Groundwater Model 

Model Characteristics Specifications 

Active Model Domain ~ 97 Square Miles 

Units 
Time: Days 

Length: Feet (lateral and vertical) 

Coordinate System State Plane NAD27 Arizona Central 

Model Grid 
392 rows by 540 columns, 2,116,800 total cells, 1,646,985 active cells 

Origin  X: 622750  Y: 716500  (No rotation) 

Cell Size 12.5 x 12.5 feet up to 500 by 500 feet  

Layering –10 Layers 

Layer 1 and 2: UBFU 
Layer 3: MFGU 

Layer 4 and 5: LBFU 
Layer 6: Oxide Exclusion Zone 

Layer 7 through 10: Oxide 

 
Additional model details are provided in Attachment 14A of the Temporary APP Application dated 
March 2, 2012 (Temporary APP application), as well as in the digital model files accompanying these 
responses.  
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Comment 20 of the RFI dated January 30, 2012, recommended using an average porosity value of 
13 percent for the upper three layers of the oxide zone (layers 6, 7, and 8) and 20 percent within the 
fault zones, and a hydraulic conductivity of 40 feet/day in the fault zones during injection of lixiviant 
for periods of 48 hours and 30 days with no hydraulic control pumping.   
 
The porosity values and hydraulic conductivity values applied to the original, calibrated FCP model are 
in the range of values determined by on-site investigations, and are deemed to be representative of 
formation conditions.  However, to assess the sensitivity of the model simulations to a fault zone 
hydraulic conductivity of 40 feet/day, the hydraulic conductivity of the Sidewinder fault zone in the 
FCP Model was set at this unusually high value for a series of simulations.  The entire length and depth 
of the fault zones were assigned this conductivity value so that a 3,000-foot length of elevated 
conductivity was assured to be reflected in the simulation.   
 
A single injection well that corresponds with an actual well location proposed for the PTF and screened 
interval within the Sidewinder fault zone was allowed to inject lixiviant into model layers 7 through 10, 
representing the full oxide and fault zones beneath the exclusion zone.  The well was assigned a 
constant injection rate of 60 gallons per minute (gpm), and MODFLOW SURFACT’s contaminant 
transport module (an upgraded version of MT3D) was used to track the migration of injectate over a 
period of time that covers 48 hours and 30 days with no simulated groundwater extraction, as directed 
in the January 31, 2012 RFI.  The results of those model runs are presented in cross-sectional view, 
through the center of the active PTF injection well. 
 
It should be noted that under no circumstances will Curis Arizona continue to inject lixiviant after 
determination of loss of hydraulic control.  If hydraulic control is lost, Curis Arizona will cease 
injection upon determination of loss of hydraulic control and will not resume injection until hydraulic 
control has been reestablished.  Model scenarios simulating injection without hydraulic control 
extending from initiation of injection, through 48 hours to a total of 30 days were developed at the 
request of EPA; however, they do not represent planned PTF operations.  Model runs conducted in 
response to some of the following comments assumed injection would continue for periods of up to 
30 days without hydraulic control.  Injection without hydraulic control for such extended periods is not 
realistic.  Attachment K of the March 2011 UIC Permit application specifies that hydraulic control will 
be monitored daily and notes that responses to the loss of hydraulic control are summarized in 
Table K-1 of that attachment.   
 
Figures 2-1 through 2-8 include cross-sections through the hydrostratigraphic layers within the FCP 
Model, and show simulated vertical and horizontal migration of sulfate from a single injection well 
emplaced within the PTF well field after operating without hydraulic control over a maximum time 
period of 30 days.  The model results presented in these figures reflect a suite of sensitivity simulations 
previously specified by the EPA; however, the updated simulations presented in this response were all 
performed with the FCP Model and reflect hydrologic conditions specific to the proposed PTF.  The 
suite of model scenarios performed in response to Comment 2 are described in greater detail below, 
along with additional simulation details that apply to all scenarios. 
 
Hydraulic parameters for the Sidewinder fault zone, oxide unit, and MFGU were varied within the FCP 
model over a series of sensitivity simulations, as described in the January 31, 2012 RFI.  The fault 
zones in the FCP Model, including the Sidewinder fault, penetrate layers 6 through 10.  Hydraulic 
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parameters specified for the fault zone in the January 31, 2012 RFI include a hydraulic conductivity 
value of 40 feet per day and porosity values of 10 percent (FCP base case), 13 percent, and 20 percent.  
Additional porosity estimates for the layers representing the oxide unit within the model were also 
specified in the January 31, 2012 RFI at values of 2 percent, 13 percent, and 20 percent.  The oxide 
formation in the FCP model is represented by layers 6 through 10 (excluding the fault zones).  Finally, 
a simulation was performed with the hydraulic parameters for the MFGU, represented by model 
layer 3, set equal to those of the LBFU.  This change in MFGU parameters causes layer 3 to no longer 
serve as a confining unit that could potentially limit upwards solute migration.  Results of the 
simulated, potential migration of injectate for the various model scenarios described above are provided 
below along with figure references.   
 
The migration distances presented below were based upon the results of the numerical, three-
dimensional transport simulations with solution concentrations not greater than 0.01 percent of injected 
solution concentration.  This threshold causes the migration front of injected solution to be defined by a 
four-order of magnitude drop in injected concentrations.  Given the estimated concentration of sulfate to 
be injected during PTF operations, this concentration threshold assures that the model is capable of 
adequately simulating future concentrations down to the laboratory detection levels discussed in 
Attachment 14A of the Temporary APP application.  Thus, the extent of migration of injected solutions 
was numerically defined as the point where groundwater conditions return to ambient water quality, 
given laboratory quantification limits.  
 
All model simulations discussed below were run over a 30-day stress period without hydraulic control.  
The simulations then continue to a second stress period which represents rinsing and recovery 
conditions; however, all maximum simulated migration distances were observed at the end of the 
30-day stress period and are presented as such in the following discussions.  Additionally, the first 
stress period of all transport model simulations also exports data at specific time steps representing 
48 hours and 30 days.  Only the maximum, 48-hour migration potential from all scenarios is presented 
below in text and graphical format, as the maximum 48-hour migration distances only varied over a 
narrow range of approximately 10 feet. 
 
Scenario 1: Sidewinder Fault hydraulic conductivity set at 40 feet/day and porosity at 10 percent. 
 
Figure 2-1 provides a cross-sectional view (north-south transect) of vertical and horizontal migration of 
sulfate from a single well within the PTF well field after operating without hydraulic control for a 
period of 30 days, and using the fault hydrologic parameters described in the above header.  Under 
these simulated conditions, injectate migrates approximately 201 feet horizontally from the PTF 
injection well, and approximately 40 feet vertically into the exclusion zone.  Injected solution did not 
reach the LBFU in significant concentrations after 30 days without hydraulic control.  The estimated 
horizontal migration distance of 201 feet was the maximum observed from all model scenarios and 
associated simulations involving 30-day lixiviant injection without hydraulic control. 
 
Figure 2-2 is a cross-sectional view (north-south transect) of vertical and horizontal migration of sulfate 
from a single well within the PTF well field after operating without hydraulic control for a period of 48 
hours, and using a fault hydraulic conductivity of 40 feet/day and porosity of 10 percent.  Figure 2-2 
shows that under these conditions, after 48 hours, sulfate migrates approximately 67 feet horizontally 
from the PTF injection well along the Sidewinder fault in layer 10, and approximately 40 feet vertically 
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into the exclusion zone.  No quantifiable migration of injected solution into the LBFU occurred after 48 
hours without hydraulic control.  This simulation scenario reflects the greatest estimated extent of 
lateral migration during a 48-hour period for all scenarios without hydraulic control.  Given this fact, 
only the conservative 30-day simulation results are presented below as measures of maximum lateral 
and vertical migration distances. 
 
Scenario 2:  Sidewinder Fault hydraulic conductivity set at 40 feet/day and fault porosity at 
13 percent. 
 
Given the assumed hydraulic parameters noted in the above header, the simulated results shown on 
Figure 2-3 show that lixiviant migrates approximately 163 feet horizontally from the PTF injection well 
along the Sidewinder fault in model layer 10, and approximately 40 feet vertically into the exclusion 
zone within a very limited lateral extent.  Injected solution was not estimated to reach the LBFU in 
significant concentrations after 30 days without hydraulic control.   
 
Scenario 3:  Sidewinder Fault hydraulic conductivity set at 40 feet/day and fault porosity at 20 
percent. 
 
Given the assumed hydraulic parameters noted in the above header, the simulated results shown on 
Figure 2-4 show that lixiviant migrates approximately 125 feet horizontally from the PTF injection well 
along the Sidewinder fault in model layer 10, and approximately 40 feet vertically into the exclusion 
zone within a very limited lateral extent.  Injected solution did not reach the LBFU in significant 
concentrations after 30 days without hydraulic control.   
 
Scenario 4:  Oxide porosity set at 2 percent.  Fault zone hydraulic parameters at base FCP model 
values. 
 
Given the assumed hydraulic parameters noted in the above header for the oxide unit, the simulated 
results shown on Figure 2-5 shows that lixiviant migrates approximately 125 feet horizontally from the 
PTF injection well along the Sidewinder fault in model layer 10, and approximately 40 feet vertically 
into the exclusion zone within a lateral extent limited to an area within the footprint of the PTF well 
field.  Dilute concentrations of injected solution also migrate vertically upwards approximately 55 feet 
into the LBFU over a very limited lateral extent.  The estimated horizontal migration distance is 
identical to the previous scenario due to the fact that the maximum migration distance occurs along the 
Sidewinder Fault Zone.    
 
Scenario 5:  Oxide porosity set at 8 percent.  Fault zone hydraulic parameters at base FCP model 
values. 
 
Given the assumed hydraulic parameters noted in the above header for the oxide unit, the simulated 
results shown on Figure 2-6 show that lixiviant migrates approximately 125 feet horizontally from the 
PTF injection well along the Sidewinder fault in model layer 10, approximately 40 feet vertically into 
the exclusion zone, and approximately 54 feet vertically into the LBFU within a lateral extent limited to 
within the footprint of the PTF well field.  The estimated horizontal migration distance is identical to 
the previous scenarios due to the fact that the maximum migration distance occurs along the Sidewinder 
fault zone.    
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Scenario 6:  Oxide porosity set at 13 percent.  Fault zone hydraulic parameters at base FCP model 
values. 
 
Given the assumed hydraulic parameters noted in the above header for the oxide unit, the simulated 
results shown on Figure 2-7 show that lixiviant migrates approximately 125 feet horizontally from the 
PTF injection well along the Sidewinder fault in model layer 10, approximately 40 feet vertically into 
the exclusion zone, and approximately 54 feet vertically into the LBFU within a lateral extent limited to 
within the footprint of the PTF well field.  The estimated horizontal migration distance is identical to 
the previous scenarios due to the fact that the maximum migration distance occurs along the Sidewinder 
fault zone.     
 
Scenario 7:  No MFGU – MFGU given hydraulic parameters of LBFU. 
 
Given the assumed hydraulic parameters noted in the above header for the MFGU, the simulated results 
shown on Figure 2-8 show that lixiviant migrates approximately 125 feet horizontally from the PTF 
injection well along the Sidewinder fault in model layer 10, approximately 40 feet vertically into the 
exclusion zone, and approximately 52 feet vertically into the LBFU within a lateral extent limited to 
within the footprint of the PTF well field.  Injected solution did not reach the LBFU in significant 
concentrations after 30 days without hydraulic control.   
 
In summary, the maximum horizontal migration distance estimated with the FCP model, given the 
specified variations in hydraulic and transport parameters, was approximately 201 feet horizontally 
within the fault zone of model layer 10 (deepest model layer) and 55 feet vertically into the LBFU.  
Minimum transport distances for the above scenarios were approximately 125 feet horizontally and zero 
feet vertically above the exclusion zone.  No quantifiable sulfate mass was estimated to penetrate into 
the MFGU nor the upper portion of the LBFU, and when considering only 48 hours of loss of hydraulic 
control, the maximum estimated horizontal migration distance of lixiviant was only approximately 
67 feet along the deepest model layer (layer 10 within the fault zone).  Increasing hydraulic 
conductivities and porosities within the Sidewinder fault zone, decreased porosity values within the 
oxide unit, and the lack of a confining unit demonstrated no adverse sensitivity effect or undue impact 
upon vertical or horizontal migration of injected solutions without hydraulic control. 
 
 
ATTACHMENT C, CORRECTIVE ACTION PLAN & WELL DATA 
 
3. The wells and corehole locations within the Area of Review (AOR) of the PTF subject to 

abandonment are shown on a map in Figure Temp APP RTC (E) 18-1 in Attachment 3 of the 
May 23, 2012 response to the Arizona Department of Environmental Quality's (ADEQ's) May 2, 
2012 request for information (RFI).  Well and corehole location, depth, and elevation data are 
provided in Table 9-1 of Attachment 16 of the May 23, 2012 response to ADEQ's May 2, 2012 
RFI.  The required well and corehole construction data are not provided in Table 9-1 and Curis 
Arizona does not indicate in the June 1st Curis Arizona letter where those data are presented.  
However, we found the construction data for the wells in Table 9-1 listed in a table of non-point 
of compliance (non-POC) wells in Attachment 17 of the May 23, 2012 response to ADEQ's 
May 2, 2012 RFI.  Cementing records are not provided in that table, however, and should be 
provided if available.  Corehole construction data should also be provided if they exist and are 
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available.  Please provide the records and construction data or explain if the information is not 
available. Those wells and coreholes are to be plugged and abandoned in accordance with the 
Corrective Action Plan in Attachment C, and the Plugging and Abandonment Plan provided in 
Attachment Q, of the March 2011 UIC Application, as modified in Curis Arizona response to the 
January 30, 2012 EPA request for information (see Appendix A of the response document). 

 
Response to Comment 3 
 
Well and core hole construction data for each of the wells and core holes, existing and abandoned, 
within the Area of Review (AOR) are included in Table 3-1.  All available well and core hole 
construction data and cementing records for wells and core holes within the AOR are provided in 
Appendix A of this response.    
 
 
4. Please clarify for corrective action purposes and the Plugging and Abandonment Plan that all 

wells and coreholes that require corrective action within the AOR will be plugged and 
abandoned before injection commences in the PTF.  Please identify any wells that are not 
subject to corrective action in the AOR, such as non-POC wells, monitoring wells, abandoned 
wells and coreholes. The abandoned wells and coreholes will require replugging if they were not 
plugged and abandoned in compliance with UIC requirements.  The discussion in the Corrective 
Action or the Plugging and Abandonment Plan in the UIC application is not clear. 

 
Response to Comment 4 
 
Below in Comment 18, EPA requests that Curis Arizona install two monitoring wells within the AOR 
that will not be completed as Class III injection, recovery, or observation wells.  The requested monitor 
wells will be screened in the UBFU and LBFU, respectively.  Proposed construction details are 
provided below in response to Comment 18.  Other than these two wells, no existing non-Class III 
wells or core holes are proposed to remain open within the AOR during PTF operation. 
 
Section C.3. Corrective Action, of Attachment C, Corrective Action Plan and Well Data, and 
Section Q.1.1 of Attachment Q, as both attachments were submitted to EPA in the March 2011 UIC 
Permit application, have been revised as shown below in response to the above comment.  
 

C.3 Corrective Action 
 
Corrective action will be taken to prevent the migration of injected fluids between or into 
underground sources of drinking water (USDWs) within the AOR.  Corrective action includes 
the plugging and abandonment of all existing non-Class III wells and core holes within the AOR 
prior to operation of any injection well or recovery well.  The wells and core holes will be 
plugged and abandoned in accordance with the Plugging and Abandonment Plan provided in 
Attachment Q of this Application.  
 
As explained in Section Q.1, Attachment Q, Plugging and Abandonment Plan, the attachment 
describes the plan for plugging and abandonment of existing and proposed Class III wells and 
core holes subject to corrective action at the FCP site.   
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Q.1.1 Applicability 
 
This plan has been designed to ensure that all existing and future wells and core holes located 
within the AOR (a 500-foot area circumscribing the proposed PTF well field) will be plugged 
and abandoned (1) in a manner that will prevent or stop the flow of ISCR solutions into or out 
of a USDW through a penetrating core hole or well and (2) in accordance with applicable 
permits and regulations administered by the EPA and the Arizona Departments of 
Environmental Quality and Water Resources.   
 
Plugging and abandonment of existing non-Class III wells and core holes within the AOR will 
occur prior to commencement of injection at the PTF.  Plugging and abandonment of Class III 
wells will occur during closure, or whenever an individual Class III well is retired because of 
irreparable non-compliance with mechanical integrity test (MIT) requirements.  

 
 
ATTACHMENT K, INJECTION PROCEDURES 
 
5. On March 29, 2012, Curis Arizona provided a proposed Operations Plan in response to EPA's 

January 30, 2012 request for information, but it has not been modified to be fully consistent with 
the June 1, 2012 amended UIC application, the March 1, 2012 Temporary APP application, and 
the May 23, 2012 responses to ADEQ comments.  Please review and modify the plan as 
necessary to describe the current proposed Phase 1 PTF operations.  Much of the plan is 
acceptable, but it should be modified to account for the relocation and modification of the PTF 
as proposed in the amended UIC and temporary APP applications. 

 
Response to Comment 5 
 
The Operations Plan submitted to EPA was intended to be applicable to both Phase 1 (PTF) and 
Phase 2 (Commercial Operations).  Curis Arizona has updated the Operations Plan to remove reference 
to Phase 2 and has provided the revised plan as Appendix B of this submittal. 
 
 
ATTACHMENT L AND M, WELL CONSTRUCTION PROCEDURES AND DETAILS 
 
6. As referenced by Curis Arizona in the Attachment to the June 1st Curis Arizona Letter, the 

March 2012 Temporary APP application states that the annular seal will be Type V cement or 
equivalent and will be placed by either the tremie or displacement methods in Section 9A.3.1.4 
on page 4, but states that it will be placed with a tremie in Section 9A.3.2.5 on page 5.  Please 
modify the description to use the displacement method for ensuring an effective seal in the 
annular space between the outer steel casing and borehole.  In addition, the discussion of 
centralizer placement in Section 9A.3.1.2 indicates that they will be placed at 40-foot intervals 
over the entire length of the casing, but Figure 9A.1 omits centralizers on the outer casing.  
Please modify to include centralizers installed on the outer casing string at 40-foot intervals over 
the entire length of the outer casing string. 
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Response to Comment 6 
 
In response to Comment 6, Section 9A.3.2.5 has been revised and is included in its entirety below.  A 
revised version of Drawing 9A-1 is included as Appendix C of this submittal. 
 

9A.3.2.5 Cementing 
 
9A.3.2.5.1  Cementing Characteristics Injection and Recovery Wells  
 
PTF Injection and Recovery wells will be drilled in two stages.  The upper stage will consist of 
a boring drilled from land surface to a point at least 40 feet below the top of bedrock, in which 
a steel casing will be cemented in place extending from ground surface to a point at least 40 feet 
below the top of bedrock.  The steel casing will be cemented by the plug displacement method. 
 
The lower section of each injection and recovery boring will be drilled from the bottom of the 
cemented steel casing to the design depth.  After well screen and annular materials have been 
emplaced in the lower section of the boring by tremie, cementing of the upper section of the 
inner casing, from the bottom of the bedrock exclusion zone to ground surface, will be 
accomplished by pumping a cement slurry down a tremie pipe positioned with the pipe’s lower 
end near the bottom of the exclusion zone, forcing the cement to fill the annular space between 
the inner casing and outer steel casing from the bottom up to the surface. 
 
9A.3.2.5.2  Cementing Characteristics, Observation and Westbay Wells 
 
The Observation and Westbay borings will be of a constant diameter, drilled in a single stage, 
and thus cannot be grouted by the plug displacement method.  Once the well casing, screen, 
and filter pack have been installed in the boring, cementing of the upper portion of the well 
casing, from the bottom of the bedrock exclusion zone to ground surface, will be accomplished 
by pumping a cement slurry down a tremie pipe positioned with the pipe’s lower end near the 
bottom of the exclusion zone, forcing the cement to fill the annular space between the borehole 
and casing from the bottom up to the surface. 
 
9A.3.2.5.3  Cementing Characteristics All Wells 
 
Cement grout will be placed to completely fill the well annulus within the specified interval.  
Prior to pumping, the cement grout will be passed through a ½-inch slotted bar strainer in 
order to remove any unmixed lumps.  During cement grout installation, the discharge end of 
the tremie pipe will be continuously submerged in the grout until the zone to be grouted is 
completely filled. 
 
The well casing will be hung in tension until the cement grout has cured.  The well casing will 
be filled with a fluid of sufficient density to maintain an equalization of pressures to prevent 
collapse of the well casing during cementing. 
 



Ms. Nancy Rumrill 
10 September 2012 
Page 10 
 
 

  

Cement will consist of sulfate-resistant Portland Type V cement, unless Curis Arizona submits 
the following information to the Director regarding a Type V substitute.  A suitable Type V 
substitute will meet the following requirements: 

1. The results of an immersion test for resistance to pregnant leach solution or equivalent 
mass samples of Type V cement and any proposed substitute; 

2. A comparison of the percentage weight change between samples; 

3. An acceptable substitute will experience little visual change, a weight loss or gain 
within 5% to 8%, and no significant change in compressive strength; and 

4. Upon completion of this demonstration, a substitute cement that meets these criteria 
may be substituted for Type V cement for well construction. 

 
Water and/or appropriate mud-breaker chemicals will be circulated through the tremie pipe 
prior to cementing to reduce drilling mud viscosity and assist in removal of mud from the 
borehole-casing annulus. 
 
The cement slurry will be pumped at the greatest flow rate possible, to promote removal of 
bentonite mud from the annular space, and enhance bonding between the cement and the casing 
and formation.  An excess quantity of cement will be pumped into the annular space in order to 
verify “clean” cement slurry returns from the well prior to terminating the cementing 
procedure.  Following installation of the cement slurry, the tremie pipe will be removed from 
the well and the cement allowed to cure for a minimum of 24 hours before performing 
additional operations on the well. 
 

7. Section 9A.3.2.2, Open-Hole Geophysics, should specify that neutron-density logs be run in 
selected wells in the PTF in addition to those logs listed in that discussion.  The listed logs 
should be run in all wells for optimum depth control and for detection of borehole anomalies.  
Section 9A.3.2.6, Cased-Hole Geophysics, should specify that gamma ray, temperature, and 
cement bond logs be run in all injection and recovery wells over the entire length of each well 
after the outer steel casing string is installed and cemented to surface.  Please consider the 
recommendations in determining when the log is appropriate and amend the sections specifying 
the additional logs. 

 
Response to Comment 7 
 
In response to Comment 7, Sections 9A.3.2.2 and 9A.3.2.6 have been revised and are included in their 
entirety below. 
 

9A.3.2.2  Open-Hole Geophysics 
 
Open-hole geophysical logs will be run in each boring for the purpose of depth control and 
detection of borehole anomalies.  Geophysical tools will include caliper, gamma-ray, 
temperature, directional survey, and electrical logs.  In addition to the geophysical logs listed 
above, neutron-density logs will be run in selected PTF borings. 
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9A.3.2.6  Cased-Hole Geophysics 
 
Cased-hole geophysical surveys will include gamma ray, temperature, and cement bond logs to 
be run in all injection and recovery wells over the entire length of each well after the outer steel 
casing has been installed and cemented to the surface.  Additional logs may be run as 
appropriate. 

 
 
ATTACHMENT N, CHANGES IN INJECTION FLUID 
 
8. The June 1st Curis Arizona letter states that the basic principles in Attachment N of the March 

2011 UIC application apply equally to Phase 1 and Phase 2 operations.  However, some 
differences need to be considered as described below.  Please provide a discussion specific to 
Phase 1 operations to address the items below. 

 
Response to Comment 8 
 
The FCP groundwater model has been configured to match the number, distribution, and mode 
(injection or recovery) of the wells proposed for the PTF and is consistent with the recommendations 
and requests in the comments below.  Responses below are based on simulation results from the FCP 
model.  Discussion specific to Phase 1 operations is provided below in response to Comments 9 
through 12.   
 
 
9. Section N.3, Changes in Pressure of Injected Zone, in the original application describes the 

predicted pressure behavior in a typical five-spot well pattern using a MODFLOW simulation.  
The groundwater flow model assumes homogeneous and isotropic conditions within the oxide 
zone and an average thickness of 360 feet at an average depth of the oxide zone.  It was 
constructed to simulate the operation of 25 injection wells and 36 recovery wells located within 
one resource block measuring 500 by 500 feet in the plan view.  Please construct the 
MODFLOW simulation for the proposed PTF containing only four injection and nine recovery 
wells and 200 by 200 feet in size.  The model should also account for preferential flow paths in 
the fault zones that intersect the ISCR and the Phase 1 area and much larger permeability and 
porosity values in the fault zone as compared to the unfaulted area within the oxide zone. 

 
Response to Comment 9 
 
The FCP groundwater flow model has been configured to match the characteristics of the proposed PTF 
layout with four injection wells and nine recovery wells, all located within a 200-foot by 200-foot area.  
The FCP model also explicitly represents the three dimensional location of the Sidewinder and Partyline 
faults, which have been parameterized to account for potential preferential flow pathways.  Dispersive 
and diffusive effects have been included to account for migration potential beyond strictly advective 
fluxes.  The FCP model construction allows for advective flow in three dimensions, as well as 
dispersive and diffusive fluxes which are of a lesser magnitude within the PTF well field area due to 
close proximity pumping and injection conditions during PTF operations.  Figures 9-1 and 9-2 both 
show the location of the Sidewinder fault as identified within the model for layer 10 (bottom of the 
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Bedrock Oxide Unit) and across the broader Curis Arizona property.  Both Figures 9-1 and 9-2 also 
show cross-sections through the PTF well field with the vertical extent and orientation of the 
Sidewinder fault at the currently proposed PTF well field. 
 
 
10. Further, other differences in the discussion in Section N.3 of the March 2011 UIC application 

should be clarified for the proposed PTF and considered in the model simulation.  The Section 
discussion states that aquifer conditions in the oxide zone are confined to semi-confined.  That 
statement is somewhat misleading because the confining layer is the MFGU, which is situated 
above the lower basin fill unit (LBFU) that is overlying and is in hydraulic communication with 
the oxide zone.  The oxide zone is therefore confined to semi-confined relative to the UBFU, but 
not the LBFU.  The model simulation fails to account for a potential pressure influence in the 
LBFU and fluid migration from the oxide zone into the LBFU during PTF operations.  Also, the 
proposed FTP will be much smaller than a resource block and will contain only four injection 
wells and nine recovery wells.  The model should be re-designed to be consistent with those 
dimensions, well numbers, and spacing, and it should include the LBFU as a layer above the 
oxide zone.  Please also provide a more detailed description of the parameters applied in the 
model, including porosity, hydraulic conductivity, ratios of vertical to horizontal permeabilities, 
the percent of withdrawals versus injected volumes, and the time frame for simulated operations. 

 
Response to Comment 10 
 
As stated in the response to Comment 9, the FCP groundwater model has previously been configured to 
represent the number, distribution, construction, and mode of wells in the proposed PTF.  The FCP 
groundwater model has also previously been configured to explicitly represent the UBFU, MFGU, and 
LBFU with parameterization that is conceptually and numerically representative of the hydrologic 
properties of those alluvial units as well as the hydraulic connections that exist between each of these 
units and the Bedrock Oxide Unit (model layers 6 through 10).  In all current and previous versions of 
the UIC and FCP models, the LBFU was configured to be in full hydraulic communication with the 
Bedrock Oxide Unit.  The unit represented in any of the models prepared in conjunction with the FCP, 
past or current, is the MFGU.  For the simulations performed as part of the response to these 
comments, Table 10-1 lists the hydrologic properties of each model layer as represented in the FCP 
groundwater model. 
 

Table 10-1.  Aquifer Parameter Value Ranges by Model Layer 

 

Horizontal 
Hydraulic 

Conductivity 
Kx (feet/day) 

Vertical 
Hydraulic 

Conductivity 
Kz (feet/day) 

Anisotropy 
Ratio 
Kx/Kz 
(feet) 

Porosity 
n 

(Unitless) 

Layers 1 and 2 (UBFU) 20 to 130 2 to 13 10:1 0.13 to 0.2 

Layer 3 (MFGU/UBFU) 1 to 130 0.01 to 13 100:1 – 10:1 0.15 to 0.2 

Layers 4 and 5 (LBFU) 5 to 25 0.5 to 2.5 10:1 0.2 
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Table 10-1.  Aquifer Parameter Value Ranges by Model Layer 

 

Horizontal 
Hydraulic 

Conductivity 
Kx (feet/day) 

Vertical 
Hydraulic 

Conductivity 
Kz (feet/day) 

Anisotropy 
Ratio 
Kx/Kz 
(feet) 

Porosity 
n 

(Unitless) 

Layer 6  
(Oxide Exclusion Zone) 

1 1 1:1 0.08 

Layer 7 (Oxide) 0.57 0.57 1:1 0.08 

Layer 8 (Oxide) 0.57 0.57 1:1 0.08 

Layer 9 (Oxide) 0.1 0.1 1:1 0.05 

Layer 10 (Oxide) 0.1 0.1 1:1 0.05 

Faults 2.51 2.51 1:1 0.1 

  
The aquifer parameters and hydrostratigraphic unit descriptions were developed from data collected in 
support of Brown and Caldwell (1996a) and were used to support the creation of a sub-regional 
groundwater flow model described in Brown and Caldwell (1996b) as well as during the update and 
expanded calibration described in Appendix 14A of the Temporary APP application by Brown and 
Caldwell (2012).  These data include the results of 26 aquifer tests and 14 core hole packer tests, and 
remain the best available data describing hydrogeologic characteristics at the PTF site and surrounding 
vicinity.  No significant additional hydrogeologic characterization activities have been conducted at the 
PTF site and surrounding vicinity since the Brown and Caldwell (1996a) study was completed.  Data 
developed in support of Brown and Caldwell (1996a) were used as direct input into the current PTF 
groundwater flow model.  Hydrostratigraphic unit descriptions presented in Brown and Caldwell 
(1996a) serve as the conceptual basis for hydrostratigraphic units represented in the FCP groundwater 
flow model. 
 
The model configuration used to run simulations requested in the July 20, 2012 RFI includes four 
injection wells operating at a uniform rate of 60 gpm (240 gpm total), and nine recovery wells 
operating at 60 gpm for the central recovery well, and the remaining 240 gpm of production distributed 
to the other recovery wells based on the ambient groundwater gradient and proximity to injection wells.  
Total pumping is 300 gpm during the initial 14 months of the simulation.  Withdrawal rates are 
125 percent of the injection rates. 
 
The time frame for simulated PTF operations is described in Table 10-2. 
 

Table 10-2.  Specifications of the Florence Groundwater Model 

Model Characteristics Specifications 

Simulation Time 
Predictive: 6 years and 11 months (14 months with hydraulic control 

pumping at the PTF, 9 months formation rinsing pumping, and 5 years 
with no hydraulic control pumping during closure) 
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Table 10-2.  Specifications of the Florence Groundwater Model 

Model Characteristics Specifications 

Stress Periods 

Predictive Models: 7 stress periods of varying lengths as follows.  The 
first two stress periods include 14 months of PTF operational pumping, 
and 9 months of PTF well field rinsing.  The last five stress periods are 

1 year in length and represent the 5-year closure period.   

 
 
11. Section N.4, Native Fluid Displacement, should include a discussion of injection and recovery 

rates and net groundwater extraction that is representative of the PTF operation.  Pressure 
effects are described in detail in Section N.3, but there is insufficient discussion of potential 
vertical migration of native fluids due to elevated pressure at the injection well and drawdown at 
the recovery wells.  To what extent will injectate and native fluids be displaced vertically within 
the radius of influence of the injection and recovery wells, and will that fluid movement cause an 
exchange of fluids between the oxide zone and the LBFU aquifer? 

 
Response to Comment 11 
 
In response to Comment 11, Section N.4 has been revised and is included in its entirety below.   

N.4  Native Fluid Displacement 
 
Native formation fluid within the oxide zone consists of groundwater residing in fractures and 
is of a quality generally suitable for irrigation or industrial uses.  No drinking water wells exist 
within the oxide zone or the overlying alluvial sediments within the bounds of the Aquifer 
Exemption area. 
 
At the commencement of injection and recovery, native groundwater will be withdrawn from 
the fractures of the oxide zone through the recovery wells and will be replaced with injected 
fluid.  Consequently, at startup, displacement of native fluid will consist of extraction of native 
fluid and subsequent replacement by injected fluid. 
 
Injection and recovery rates will be closely balanced to ensure full recovery of the injected 
fluid.  The aggregate recovery rate will be slightly higher than the aggregate injection rate to 
ensure that more fluid is withdrawn than is injected, and to maintain the necessary inward 
hydraulic gradient until groundwater quality within the IRZ is restored to the level required by 
the UIC Permit.  The inward hydraulic gradient will cause groundwater to flow toward the 
active portion of the PTF facility from surrounding areas. 
 
Because injection and recovery rates will be closely balanced, net groundwater extraction 
within the PTF area will consist of the amount of groundwater pumped to maintain hydraulic 
control.  During PTF operation, this volume of water will be approximately 60 gpm, when the 
full 300 gpm production capacity of the PTF SX/EW plant is attained.  During PTF operations, 
withdrawal of the net 60 gpm of injection will be distributed across the PTF well field, an area 
measuring approximately 200 feet by 200 feet in size, resulting in a relatively modest 
groundwater flow rate into the perimeter of the active PTF area. 
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Groundwater Model Simulation of Vertical Migration of Injected Fluid 
 
Figures 9-1 and Figure 9-2 provide cross-sectional views of the extent of vertical migration of 
injected fluid under steady state injection and recovery conditions at the end of a 14-month 
period of operations.  As shown on Figure 9-1, which represents a west-facing cross-sectional 
view, injected fluid migrates upward approximately 40 feet into the exclusion zone after 
14 months of operating conditions, and does not reach the LBFU along this transect.  
Figure 9-2 provides a north-facing cross sectional view of the extent of vertical migration at the 
end of PTF operations.  Along this west-to-east transect, injected fluid is simulated to migrate 
upwards approximately 40 feet into the exclusion zone and approximately 54 feet into the 
LBFU, within a very limited lateral extent.  In summary, model results indicate that mounding 
of injected fluid is limited to the 40-foot thick exclusion zone, but trace concentrations of 
injected fluid occur in the LBFU above the injection area as a result of dispersive effects.   

 
 
12. Section N.5, Direction of Movement of Injected Fluid: Please provide a detailed description of 

the groundwater flow model developed by Brown and Caldwell used to simulate flow conditions 
in a typical resource block.  The parameter values applied in the model should be provided, and 
the model should be modified to be consistent with the PTF operation as discussed above.  There 
is insufficient discussion of the potential movement of fluids upward into the exclusion zone and 
the LBFU due to the vertical pressure influence of 25 feet at the injection wells.  The net flow 
will be horizontal from injection well to recovery well, but there could be some exchange of 
fluids between the oxide zone and the LBFU due to increased heads at the injection wells and 
drawdown at the recovery wells and lack of a confining layer at the oxide zone/ LBFU interface. 

 
Response to Comment 12 
 
As noted in response to Comments 2, 9, 10, and 11 above, the FCP groundwater model, which 
includes 10 layers specifically designed to reflect the characteristics of the UBFU, MFGU, LBFU, 
Bedrock Oxide Unit, and the Sulfide Unit at both local and regional scales, has been reconfigured to 
reflect the number, distribution, construction, and mode of wells proposed for the PTF.  Model 
simulations conducted for the purpose of characterizing flow within a “typical resource block” have 
been re-run in the full scale FCP groundwater model with the PTF well field explicitly replacing the 
former, larger scale, typical resource block.  The parameter values used in the FCP groundwater model 
are provided above in response to Comment 10.  A full description of the FCP groundwater flow model 
has been provided in Attachment 14A of the Temporary APP application. 
 
Discussion of the potential for, and the mechanisms resulting in, fluid exchange between the Bedrock 
Oxide Unit and the LBFU is provided in the above response to Comments 9, 10, and 11 as well as 
graphically in Figures 9-1 and 9-2. 
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ATTACHMENT O, PLANS FOR WELLS FAILURES (CONTINGENCY PLANS) 
 
13. O.1 and O.2, Introduction and Operational Environment: For clarification for these sections, 

please provide a specific description of the modified Phase 1 PTF and how it differs from the 
Phase 1 and Phase 2 operations described in the March 2011 UIC permit application.  For 
example, one difference is that the PTF will not utilize perimeter wells for maintaining hydraulic 
control.  Also, the well design of injection and recovery wells has been revised and is not the 
same basic design of the observation wells as described in this section of the UIC application.  
That information is provided in the June 1st Curis Arizona Letter and the APP application; 
however, a unified discussion is needed to clarify the Attachment Notes of the June 1st Curis 
Arizona Letter to describe the modified PTF and how it differs from the description in the March 
2011 UIC application. 

 
Response to Comment 13 
 
The PTF is described in Attachment 9 of the Temporary APP application that was submitted to ADEQ 
in March 2012.  Attachment 9 is included with this response as Appendix D for your reference.  The 
Phase 1 PTF described in Attachment K of the UIC Permit application submitted to EPA in March 
2011 (UIC Permit application) is similar with the exception of the physical location of the proposed 
well field and ancillary facilities.  In terms of basic objectives, there is little difference between the PTF 
in the Temporary APP application and the Phase 1 PTF described in the UIC Permit application.  Each 
of the proposed facilities was designed as a pilot-scale facility to (1) develop information needed to 
confirm and advance information developed by BHP Copper regarding the maintenance of hydraulic 
control and the characteristics of in-situ copper recovery (ISCR) solutions; (2) develop data for permits 
authorizing commercial-scale ISCR operations; (3) optimize design parameters for recovery of copper 
from the ISCR solutions; (4) evaluate options to treat and manage water for commercial-scale 
operations; and (5) evaluate additional design elements as necessary to ensure compliance with 
applicable requirements of ADEQ and EPA.   
 
The location of the PTF well field and ancillary facilities is shown on Figure 8-1 of the Temporary APP 
Application.  The location is northwest of the original Phase 1 location.  Figure 8-1 is attached as 
Appendix E for your reference.  The PTF well field was moved to this location which, is on Arizona 
State land, to allow Phase 1 to move forward while zoning efforts are completed for Curis Arizona’s 
private land holdings. 
 
As stated in the comment, EPA has noted that perimeter wells are not proposed for the PTF for 
demonstration of hydraulic control.  The original proposed Phase 1 and the PTF well layouts and use 
has not changed from the original application.  The PTF will use the outer recovery wells coupled with 
observation wells to demonstrate hydraulic control, similar to the previous hydraulic control test 
completed in 1997/1998.  The use of perimeter wells is proposed for commercial operations, therefore 
not applicable for this permit application. 
 
The well design for injection and recovery wells for the proposed PTF has been modified to include a 
steel conductor casing to facilitate drilling through the unconsolidated alluvial materials.  The well 
design for the observation wells remains the same as the original application.  In any case all Type III 
injection wells will be required to pass Part I and Part II mechanical integrity tests prior to use as 
injection or recovery wells. 
 



Ms. Nancy Rumrill 
10 September 2012 
Page 17 
 
 

  

14. Section O.3.1.2, Demonstrating Mechanical Integrity: Please modify the methods description to 
comply with Part II mechanical integrity with regard to the change in well design that omits 
annular conductivity devices in injection and recovery wells.  Cement bond logs should be run to 
assess Part 2 mechanical integrity of the cemented annulus of all injection and recovery wells 
regardless of the calculated volume of cement used to fill the annulus between the steel outer 
casing and the borehole.  EPA would determine the acceptability of the cement bonding in each 
well, based on the percent bond index and the variable density response displayed on the cement 
bond log.  Provide an assessment of whether cement bond logs are appropriate for evaluation of 
the cement bond to FRP and/or PVC casing.  Temperature logs and/or RAT surveys are 
acceptable tools for evaluation of Part 2 mechanical integrity and are recommended when 
cement bond logs are not suitable. 

 
Response to Comment 14 
 
Section O.3.1.2 will be amended to conform with the EPA Region 9 policy that (1) cement bond logs 
will be run on all Class III wells regardless of the type of casing (steel, FRP, or PVC) and regardless of 
the outcome of the recorded volume and (2) temperature logs or radioactive tracer survey (RTS) 
surveys will be conducted in the event that the cement bond log is inconclusive.  Section O.3.1.2 will 
be further modified to reflect Curis Arizona’s proposal to use steel casing from the surface to at least 40 
feet below the upper surface of the oxide zone for all wells that will be used for injection and recovery.  
Because the ACDs cannot be used on steel casing, Section O.3.1.2 will note that ACDs will be placed 
in wells with PVC and FRP casings (i.e., observation and multi-level sampling wells in the PTF well 
field).  The revised Sections O.3.1.1 and O.3.1.2 are shown below. 
 

O.3.1 Well Failures 
 
Well failures may occur as a result of a loss in the mechanical integrity of a well, clogged or 
damaged screens, or a failure in well equipment.  The potential for well failure will be 
monitored by the system controls described in the attached Operations Plan (see Comment 5), 
and may be identified by significant changes in injection pressure, in injection or recovery flow 
rates, in annular conductivity measurements as described in Attachment P of this Application, 
or in water levels measured to verify hydraulic control.  Contingency responses are described in 
this section and in the Operations Plan.  The first two subsections below describe Part I and 
Part II mechanical integrity test (MIT) requirements.   
 
O.3.1.1 Demonstrating Mechanical Integrity: Part I 
 
Part I Pursuant to 40 CFR 144.51(q), a permittee must establish and maintain mechanical 
integrity prior to commencing injection in any well.  Pursuant to Part II.E.2(b) of the UIC 
Permit, the permittee must demonstrate mechanical integrity for all ISCR wells subsequent to 
their initial installation and at least once every five years thereafter, unless abandonment or 
closure occurs prior to that time.  As required by Parts II.C.5 and II.E.2(b)(i), mechanical 
integrity must also be demonstrated any time that a well change or workover occurs.   
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Part II.E.2(a) - Part I details a specific method for conducting a mechanical integrity test to 
verify that there are no significant leaks in a well casing, tubing, or packer in accordance with 
the requirements of 40 CFR 146.8(a)(1).   
 
Curis Arizona operators will conduct the Part I mechanical integrity test in accordance with the 
provisions of Part II.E.2(a) - Part I of the UIC Permit, as proposed to be amended, as follows:   
 

Part II.E.2(a) – Well Operation, Mechanical Integrity, Methods for Demonstrating 
Mechanical Integrity: 
 
Part I:  Mechanical Integrity:  Pursuant to 40 CFR 146.8(a)(1), the permittee shall 
demonstrate Part I of the mechanical integrity requirement by one of the following methods: 
 
(i) A packer will be installed immediately above the proposed injection interval, the 
wellbore will be completely filled with water, and a hydraulic pressure equal to or above 
the maximum operational wellhead injection pressure, but not exceeding the calculated 
allowable wellhead injection pressure, will be applied.  This test shall be for a minimum of 
thirty (30) minutes.  A well passes the mechanical integrity test if there is less than a five (5) 
percent decrease/increase in pressure over the thirty (30) minute period.  A well shall not 
be operated at injection pressures greater than the pressure applied during the mechanical 
integrity test.  For wells with multiple screened intervals, the packer used to conduct the 
mechanical integrity test shall be placed immediately above the highest screened interval. 
 
(ii) An alternative method provided that the alternative method has been approved under 
40 CFR 146.8(d). 
 

The following steps will be taken: 

1. Information regarding the test results will be compiled for inclusion in the quarterly 
report required by Part II.G.2(g) of the UIC Permit.   

2. If the test results indicate mechanical integrity of the well, no further Part I testing will 
be conducted; the test will be repeated in five years or sooner, if operational monitoring 
indicates a potential for well failure. 

3. If the test results indicate that mechanical integrity has not been demonstrated, a 
decision will be made to abandon or repair the well.  

4. If the decision is to repair the well, an advance notice will be submitted within five 
business days in accordance with Part II.C.5 of the UIC Permit and the well will be 
retested for mechanical integrity after the repairs have been completed.  

5. If the decision is to abandon the well, a report will be submitted in the next quarterly 
reporting period in accordance with Part II.E.2.C of the UIC Permit.  The 
abandonment and related reporting will proceed in accordance with the Plugging and 
Abandonment Plan and a decision to replace the abandoned well will be made in 
accordance with Section O.3.2 of this attachment. 
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The requirements of this Section O.3.1.1 apply to all Class III wells, whether their casings are 
steel, PVC, or FRP. 
 
O.3.1.2 Demonstrating Mechanical Integrity: Part II  
 
Part II.E.2(a) - Part II of the UIC Permit addresses the requirements of 40 CFR 146.8(a)(2):  
mechanical integrity testing relating to the detection of significant fluid movement into a USDW 
through vertical channels adjacent to the injection well bore.  There are three components:  
maintenance of cementing records; demonstration of mechanical integrity using specified 
methods; and, a provision for alternative methods.   
 
Curis Arizona will comply with the methods for demonstrating Part II mechanical integrity as 
presented below: 

 
Part II.E.2(a) – Well Operation, Mechanical Integrity, Methods for Demonstrating 
Mechanical Integrity: 
 
Part II:  Mechanical Integrity  Pursuant to 40 CFR 146.8(a)(2), the permittee shall 
demonstrate Part II of the mechanical integrity requirement by the following methods:  
 
(i)  Maintenance of cementing records to demonstrate adequate filling of the annulus 

between the borehole wall and well casing with cement, and 
 

 (ii) A cement bond log, or a temperature log and radioactive tracer survey if a cement 
bond is inconclusive, or 

 
 (iii) monitoring program as defined at Part II.F.6 of this permit designed to verify the 

absence of significant fluid movement into an underground source of drinking water 
through vertical channels adjacent to the injection well bore.   
 
Or, instead of (i), (ii), and (iii) above,     
 
(iv) An alternative method, provided that the alternative method is a method listed in 

40 CFR 146.8(c)(1), or is a method that has been approved by the Director as 
providing results equivalent to any of the methods listed in 40 CFR 146.8(c)(1). 

 
Curis Arizona operators will conduct the Part II mechanical integrity test in the following 
manner, including contingency steps to be taken in the event that Part II mechanical integrity 
cannot be demonstrated.  

1. The volume of cement used to completely fill the annulus during well construction will 
be recorded and compared to the volume calculated to be required to fill the annulus 
(this volume will be based on a caliper log run prior to the installation of the well’s 
casing).  Part II of the mechanical integrity test will have been demonstrated if the 
volume of cement used to completely fill the annulus is equal to or more than the 
calculated volume.   
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2. A cement bond log will then be run.  If the cement bond log shows more than 
80 percent bond, the Part II mechanical integrity test will have been demonstrated.   

3. If the cement bond log shows less than 80 percent bond, the permittee may either 
conduct one or more additional tests as provided in the following paragraph 4 to 
demonstrate adequate bonding, or may have the well repaired or abandoned.  If the 
well is repaired, it must be retested and demonstrate Part I and Part II mechanical 
integrity compliance before it may be placed into operation.   

4. Temperature logs and/or RTS may be run to further evaluate the adequacy of a bond if 
the EPA determines the cement bond log is inadequate or inconclusive.  If the EPA 
determines the temperature log and/or the RTS fail to demonstrate adequate bonding, 
the permittee may have the well repaired or abandoned.  If the well is repaired, it must 
be retested and Part I and Part II mechanical integrity must be demonstrated before it 
may be placed into operation. 

5. If EPA determines the temperature log and/or the RTS demonstrate adequate bonding, 
Part II of the mechanical integrity requirements will be deemed to have been fully 
satisfied and no further action will be required for wells that are equipped with steel 
casings from the ground surface to at least 40 feet below the top surface of the oxide 
zone.  Wells equipped with PVC or FRP casing will be required to conduct quarterly 
monitoring of ACDs as described in the following paragraphs 6 and 7. 

6 If EPA determines that a well equipped with PVC or FRP casing has passed the cement 
bond log, the temperature log or the RTS, a baseline of conductivity readings will be 
established for the annular conductivity device embedded in the well’s annular space 
before the well is used for observation or sampling during the injection or recovery of 
in-situ solutions. 

7. After a well with PVC or FRP casing is brought online, annular conductivity 
measurements will be collected on a quarterly basis.  If a conductivity device indicates 
a significant increase in conductivity over the last period of measurement, the 
measurements will be verified.  If the verification measurements verify a significant 
increase in conductivity, the well will be removed from service until mechanical 
integrity is demonstrated, as described below.  

 A Part I mechanical integrity test will be performed as described in Section O.3.1.1 
above. 

 If Part I mechanical integrity is not demonstrated, the well will either be repaired 
and the Part I test repeated until Part I mechanical integrity is demonstrated, or the 
well will be abandoned.   

 If Part I mechanical integrity is demonstrated, a cement bond log will be performed 
to demonstrate Part II mechanical integrity.   

 If the cement bond is less than 80 percent, a temperature log or RTS may be run to 
determine whether the well must either be abandoned or be repaired and retested to 
demonstrate Part II mechanical integrity.  If the EPA determines that the log and 
survey provide sufficient evidence of adequate bonding, Part II mechanical integrity 
will be deemed to have been demonstrated and the well may be returned to service 
with quarterly monitoring of the annular conductivity device.  
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In accordance with the monitoring component of the Part II mechanical integrity test, Curis 
Arizona will undertake the following actions to document and record Part II test activities. 

1. All information regarding the cement volumetric tests required by Part II.E.2(a) – 
Part II(i) (as amended), will be compiled for inclusion in the quarterly report required 
by Part II.G.2(g) of the UIC Permit, and all annular conductivity monitoring 
information required by Part II.E.2(a) – Part II(ii) (as amended) of the UIC Permit will 
be compiled for inclusion in the next quarterly report as required by Parts II.E.2(b)(ii) 
and II.G.2(h) of the UIC Permit.   

2. If the test results indicate that mechanical integrity has not been demonstrated, a 
decision will be made to abandon or repair the well, or to test mechanical integrity 
according to an approved alternative method.  

3. If the test results with the alternative method indicate that mechanical integrity has been 
demonstrated, no further testing will be conducted; the test will be repeated in five 
years or sooner, if operational monitoring indicates a potential for well failure. 

4. If the decision is to repair the well, an advance notice will be submitted to the Director 
as soon as possible in accordance with Part II.C.5 of the UIC Permit, the well will be 
retested after the repairs have been completed, and the results of the repair and retest 
will be included in the next quarterly report as required by Parts II.E.2(b)(ii) and 
II.G.2(g) and (h) of the UIC Permit. 

5. If the decision is to abandon the well, a report will be submitted in accordance with 
Part II.E.2(c) of the UIC Permit, the abandonment and related reporting will proceed in 
accordance with the Plugging and Abandonment Plan, and a decision to replace the 
abandoned well will be made in accordance with Section O.3.2 of this attachment.  

 
If mechanical integrity cannot be demonstrated according to the methods described above, Curis 
Arizona may choose to test mechanical integrity using an alternative method, subject to 
approval by the Director and in accordance with Part II.E.2(a) – Part I(ii) or Part II(iii) of the 
UIC Permit, whichever is applicable. 

 
 
ATTACHMENT P, MONITORING PROGRAM 
 
15. Please revise Section P.4, Demonstration of Mechanical Integrity, to clarify that the provision 

for annular conductivity monitoring in injection and recovery wells does not apply since annular 
conductivity monitoring devices will not be installed in those wells. 

 
Response to Comment 15 
 
Section P.4, Demonstration of Mechanical Integrity, has been revised as the above comment requires, 
and is included in its entirety below.  
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P.4 Demonstration of Mechanical Integrity 
 
Pursuant to 40 CFR 146.33(b)(3), permittees are required to demonstrate mechanical integrity 
pursuant to 40 CFR 146.8 at least once every five years for certain wells.  Part II.E.2 of the 
UIC Permit requires a demonstration of mechanical integrity before new injection or recovery 
wells are placed in service; at least once every five years; and any time that a workover is 
conducted, well construction is modified, or loss of integrity becomes obvious during 
operation.  Sections O.3.1.1 and O.3.1.2 of Attachment O of this Application respectively 
address Part I MIT requirements and Part II MIT requirements applicable to all Class III wells.  
The procedures described in Section O.3.1.2 distinguish between wells equipped with steel 
casings, which include the injection and recovery wells proposed for the PTF well field, and 
wells with PVC or FRP casings, which include observation and multi-level sampling wells 
proposed for the PTF well field.  Part II.F.6 of the UIC Permit requires that Part II mechanical 
integrity continue to be demonstrated by annular conductivity monitoring for wells with PVC or 
FRP casings.  The procedures in Section O.3 address Part I and Part II MIT requirements and 
the response procedures that will be followed in the event of MIT failures or other failures of 
Class III wells. 

 
 
16. Section P.5.1, Groundwater Quality Monitoring, refers to Attachments 5 and 11 in the May 23, 

2012 response to ADEQ's May 2 request for information regarding the changes necessary to 
apply to the PTF POC wells.  The Curis letter of April 25, 2012 in Attachment 11 describes the 
PTF injection interval as extending from 498 to 1,190 feet bgs.  The proposed new M54-LBF 
POC well would be screened from 500 to 770 feet bgs, which is described as the LBFU in Table 
14B-2 in Attachment 5.  Please clarify why the LBFU appears to be described as included in the 
injection and recovery zone since only the oxide zone (below the 40-foot exclusion zone) is 
identified as the injection and recovery zone in the UIC application. 

 
Response to Comment 16 
 
The proposed location of POC well M54-LBF is approximately 520 feet to the northwest and down 
gradient of the PTF well field.  At the PTF well field, the bedrock-LBFU contact occurs at a depth 
of approximately 498 feet bgs, but increases in depth toward the west.  At the proposed location of 
POC well M54-LBF, the bedrock-LBFU contact is at a depth of approximately 650 feet bgs based 
on the log for O13-O.  ADEQ asked that this well be screened at elevations supplementing the 
screen in well O13-O, using these two wells to cover the entire length of the proposed injection 
zone.  
 
Since well O13-O was proposed for use as a POC well, Curis Arizona has re-entered the well in an 
attempt to redevelop it for use as a POC well.  Curis Arizona has found that well O13-O has had a 
casing collapse, is obstructed, and is not serviceable for use as a POC well.  Curis Arizona has 
since withdrawn our proposal to use well O13-O as a POC well and has proposed to ADEQ that the 
screen of POC well M54-LBF be extended to 1,200 feet bgs to cover the entire proposed injection 
interval.    
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Because the depth to the bedrock-LBFU contact is deeper at the location of proposed POC well 
M54-LBF than it is at the PTF well field, ADEQ has requested that M54-LBF be completed as a 
well cluster with screens placed exclusively in the LBFU and Bedrock Oxide Unit at elevations 
equal to the proposed injection zone, and that the individual casings be named M54-LBF and 
M54-O, respectively.  
 
The proposal describing the design of M54-LBF/O is provided as Appendix F to this response. 
 
 
17. Section P.5.3, Annular Conductivity, states that annular conductivity devices are proposed to be 

included in perimeter wells.  Since perimeter wells act as recovery or injection wells as needed 
for hydraulic control or rinsing operations in the PTF, those devices are excluded in the 
construction design of those wells as depicted in Figure 9A-1.  Please clarify that statement for 
the UIC application. 

 
Response to Comment 17 
 
Section P.5.3, Annular Conductivity, has been revised as shown below in response to the above 
comment.  As discussed in the response to Comment 13, perimeter wells will be used in commercial 
operations but not in the PTF operations.  Additionally, the permit provisions of Part II.F.6, to which 
Section P.5.3 refers, are outdated.  They were based on the assumptions that (1) all Class III wells 
would be equipped with PVC or FRP casings; (2) cementing records would be used to determine Part II 
MIT compliance; (3) ACDs would be used on all Class III wells; and (4) no geophysical logs would be 
required.   
 
As shown in the response to Comment 14 above, Curis Arizona proposes revisions to the MIT 
requirements presented in Part II.E.2 of the UIC Permit to reflect that the PTF injection and recovery 
wells will be equipped with steel casing, that one or more geophysical logs will be required for all wells 
regardless of the cement records, and that ACD monitoring applies only to wells equipped with PVC or 
FRP casings.  Accordingly, both Section P.5.3 of the March 2011 application and Part II.F.6 of the 
current UIC Permit are revised as shown below.  
 

Section P.5.3 Annular Conductivity  
 
Pursuant to Part II.F.6 of the UIC Permit, Curis Arizona will establish an annular conductivity 
baseline for each new Class III well equipped with PVC or FRP casings before the well is used 
for injection, recovery, multi-level sampling, observation, or maintaining hydraulic control.  
Additionally, Curis Arizona will perform conductivity measurements at each such well 
quarterly thereafter, until the affected IRZ is closed in accordance with APP and UIC Permit 
requirements.  Significant increases in conductivity over the last period of monitoring may be 
an indication of ISCR fluids migrating through the annular space.  Annular conductivity 
monitoring and associated response procedures are described in Section O.3.1.2 of 
Attachment O of this Application. 
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Part II.F.6 is proposed to be revised as follows; 
 
6. Annular Conductivity:  If the permittee relies on a monitoring program using annular 
conductivity devices to demonstrate mechanical integrity under 40 CFR 146.8(a)(2) and permit 
condition Part II.E.2 for wells equipped with PVC or FRP casings, the permittee shall measure 
annular conductivity at the following frequency: 

(a)  Prior to injection and recovery to obtain baseline data, and 
(b)  At least once per quarter during the life of the well.   

 
 
18. Section P.5.4, Demonstration of Hydraulic Control: There is no provision in the UIC application 

for monitoring groundwater quality and fluid levels in the LBFU or the UBFU within the PTF 
area.  There is the potential for loss of hydraulic control and migration of oxide zone fluids into 
the LBFU and possibly the UBFU during PTF operations.  Please provide a proposal for 
additional monitoring wells to be installed and screened in those units within the PTF area to 
monitor groundwater quality and hydraulic control in the vertical dimension during Phase 1 
operations.  EPA may propose a provision for an additional demonstration of hydraulic control. 

 
Response to Comment 18 
 
Curis Arizona hereby proposes to construct two supplemental monitor wells within the PTF area at 
the northwest edge of the PTF well field.  The location of the proposed supplemental monitor wells 
will be down gradient of the PTF well field and within the AOR; however the monitoring wells will 
not be constructed as Class III wells due to the fact that they will be constructed to monitor the 
relatively shallow UBFU and LBFU alluvial units.  The location of these wells will facilitate 
monitoring of hydraulic effects and solution migration in the UBFU and LBFU in the vicinity of the 
PTF well field. 
The proposed locations of supplemental monitor wells M55-UBF and M56-LBF are shown on 
Figure 18-1.  As shown on Figure 18-1, wells M55-UBF and M56-LBF will be constructed 
approximately 20 feet apart from one another at a distance of approximately 70 feet to the northwest 
of recovery well R-08. 
 
Supplemental monitor wells M55-UBF and M56-LBF will be sampled monthly during the period of 
PTF operations for analysis of Level I indicator parameters.  Level I indicator parameters include 
fluoride, magnesium, sulfate, total dissolved solids, pH (field), specific conductance (field), and 
temperature (field). 
 
The proposed construction details for M55-UBF and M56-LBF are shown on Figures 18-2 and 18-3. 
 
 
ATTACHMENT Q, PLUGGING AND ABANDONMENT PLAN 
 
19. Section Q.2.2 Abandonment Notification and Authorization: Please include in the procedures 

that EPA approval of the abandonment method and materials is required prior to authorization 
by ADWR to commence with the proposed abandonment operations.  EPA should be notified of 
P&A methods and operations at all wells that require corrective action within the AOR of the 
PTF, in addition to P&A of Class III wells during closure operations. 
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Response to Comment 19 
 
Curis Arizona has included in Appendix G of this response a notice to USEPA of the proposed 
abandonment of non-Class III wells and core holes within the PTF AOR shown on 
Figure RTC(E) 18-1, included in Attachment 3 of the May 23, 2012 response to ADEQ’s May 2, 
2012 request for information.  This notice is submitted for USEPA’s approval using Form 7520-14 
(Plugging and Abandonment Plan), which includes descriptions of the proposed abandonment 
materials and methods.  As necessary, Curis Arizona will use Form 7520-14 to amend information 
related to the plugging and abandonment of wells in the PTF AOR.   
 
After being informed of USEPA’s issuance of the UIC Permit authorizing construction and 
operation of the PTF well field, or of USEPA’s approval of proposed plugging and abandonment, 
subsequent to the issuance of the UIC Permit, Curis Arizona will convey to ADWR a notice of 
intent to abandon the wells or core holes using Form 55-38 (Notice of Intent to Abandon a Well) 
approximately 30 days prior to the planned commencement of abandonment activities for a well or 
core hole.  Form 55-38 will include information describing the location, type, and construction of 
the well or core hole, and the proposed plugging or abandonment method and materials previously 
approved by USEPA. 
 
Curis Arizona will submit copies of Forms 7520-14 and 55-38 to ADEQ as they are respectively 
submitted to USEPA and ADWR.  
 
Once ADWR has approved ADWR Form 55-38 showing the abandonment method and materials 
previously approved by USEPA, ADWR will issue authorization to the driller to commence with the 
proposed abandonment.  Authorization from ADWR will be in the form of a “well abandonment 
card” issued to the licensed driller.  No well or core hole will be abandoned on the FCP site unless 
the driller has received a well abandonment card, issued by the Director of the ADWR, authorizing 
the abandonment of the specific well or core hole. 
 
 
20. Section Q.3 Well or Corehole Preparation, Subsection Q.3.1.d. Perforations: What records will 

be reviewed to determine whether the well annulus is adequately sealed?  If cementing records 
are not available in some wells, as may be the case, will the casing be removed before plugging 
the well?  The past use of bentonite to seal the annulus in some wells may require placement of 
cement at the bedrock-LBFU interface, USDW base, and the surface in the annulus of those 
wells. 

 
Response to Comment 20 
 
Copies of all available records regarding the installation of wells and core holes located within the PTF 
AOR are provided in Appendix A of this response.  The attached Table 3-1 summarizes construction 
and abandonment information for each well and core hole, existing and abandoned, in the AOR for the 
PTF.  On-site inspections and reviews of the individual core hole and well records will be used to 
evaluate which of the procedures in Section Q.3.3 of Attachment Q, Plugging and Abandonment Plan, 
will be used for preparing and sealing the core holes and the wells.  As part of the evaluation process, 
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the records will be reviewed to determine if the annular space of the wells is adequately sealed.  Wells 
will be determined as having adequate annular seals if the records indicate the annular space above and 
below each formation contact described in Subsection Q.3.1.d are sealed with cement grout over at 
least 80 percent of the intervals specified Subsection Q.3.1.d.   
 
Casings in wells determined to have inadequate annular seals will be removed only if the casings exhibit 
structural damage that would interfere with the perforation of the casings and the successful 
emplacement of cement grout, as described in Subsection Q.3.1.d.  Otherwise, casings with inadequate 
annular seals will be perforated prior to grout emplacement. 
 
 
21. Table Temp APP RTC(H) 12B-1 in Attachment 17 of the May 23, 2012 response to ADEQ's 

May 2, 2012 RFI, labeled "Summary of Information for all Non-POC Wells", omits cementing 
information in those wells.  If available, please provide the information in the table, or provide 
the original cementing records for those wells in the AOR.  If possible, the casing should be 
removed and cement should be placed from the bottom to surface.  If the casing cannot be 
removed, the casing should be perforated and cemented as described to ensure seals at the key 
intervals in those wells. 

 
Response to Comment 21 
 
The attached Table 3-1 includes detailed construction information for each well and core hole, existing 
and abandoned, in the PTF AOR.  All available well and core hole construction data and cementing 
records for the PTF AOR are provided in Appendix A of this response. 
 
As discussed in the response to Comment 20, casings with inadequate seals will be removed only if 
they have defects that would prevent the process described in Subsection Q.3.1.d, Plugging and 
Abandonment, from being successful.  
 
 
ATTACHMENT R, NECESSARY RESOURCES 
 
22. The cost estimates for closure, plugging, and abandonment (P&A) of the PTF wells have been 

revised to include the costs of groundwater restoration based on the assumption that 3 to 6 pore 
volumes may be required to meet closure criteria plus a contingency cost for 2 additional pore 
volumes.  P&A costs are based on plugging the 24 wells in the PTF area plus 2 of the 7 POC 
wells.  Please provide P&A costs with the PTF closure costs for all 7 of the PTF wells.  In the 
event operations do not proceed beyond the Phase 1 PTF, it would be required that all 7 POC 
wells be plugged and abandoned after PTF post-closure monitoring is terminated.  Please 
provide cost estimates for P&A of the 27 remaining POC wells in the Phase 1 closure cost 
estimates.  These POC wells would also be required to be plugged and abandoned following the 
post-closure monitoring period for Phase 1 operations if Phase 2 operations do not proceed. 
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Response to Comment 22 
 
Section 8 of the Table 5.2 has been revised to include the cost for all 33 POC wells that may be closed 
at some point after the PTF permit is issued, and is provided with this response as Appendix H.  Note 
that Curis Arizona currently has financial assurance in place with ADEQ for the closure of these POC 
wells. 
 
 
23. The total closure and post-closure cost estimate attributable to UIC permit requirements equals 

$3,212,463, including groundwater restoration and monitoring expenses.  That total does not 
include the estimated costs for closure of surface facilities listed in Sections 2, 3, and 4 of 
Table 5.2, which are attributable to the ADEQ permit requirements.  It also does not include the 
cost to P&A the 21 Hydraulic Control Test wells, which are located outside of the PTF 500-foot 
AOR, but will require abandonment if Phase 2 is not approved.  The P&A cost estimate for those 
wells was $199,351 plus 15% contingency and 10% administrative costs in Table R-1, 2011 
Phase 1 Class III Well Closure Cost Estimate, of the March 2011 UIC Application.  If Phase 2 
operations are not approved, those wells should be plugged and abandoned when the PTF is 
closed, and the estimated cost of P&A operations need to be included with the Phase 1 PTF 
permit application to meet financial assurance requirements for EPA approval of Phase 1 
operations.  P&A cost estimates for the original 31 POC wells were found in Tables 3.2 and 3.3 
in the original Curis application to amend and transfer the APP permit dated January 31, 2011.  
The total cost estimate was $273,310 at that time, plus 15% contingency and 10% administrative 
costs.  Please revise the closure cost estimates to include the P&A cost estimates for the 
remaining POC and 21 existing test wells in the current Phase 1 cost estimates, and update costs 
for inflation. 

 
Response to Comment 23 
 
Section 2 of the Table 5.2 (Appendix H) has been revised to include the estimated cost of closing the 
existing 21 hydraulic control test wells, and to include the cost of closure for all 33 POC wells that may 
be closed at some point after the PTF permit is issued.  Costs have been updated to account for 
inflation.  Note that Curis Arizona currently has financial assurance in place with ADEQ for closure of 
these wells. 
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Location 
Name ADWR Number Type Status Easting Northing

Surface
Elevation 

(Feet)
Total Depth 

(Feet)

Diameter of 
Surface 

Borehole 
(Inches)

Diameter of 
Surface Casing 

(Inches)

Depth of 
Surface 
Casing 
(Feet)

Diameter of 
Intermediate 

Borehole 
(Inches)

Diameter of 
Intermediate 

Borehole Casing 
(Inches)

Depth of 
Intermediate 

Borehole 
(Feet)

Depth of 
Intermediate 

Borehole 
Casing (Feet)

Diameter of 
Inner Pipe 
(Inches)

Cement Seal 
(Feet)

Abandonment 
Material

Bottom 
Depth 
(Feet)

Upper Depth 
(Feet)

Approximate 
Volume 

(Gallons)

Drilller's 
Log 

Available

Geologic 
Log 

Available

133S NA Exploration Core Hole Existing 847479.9895 746444.8163 1475.50 2217 6.25 5.5 45 5 3 560 560 - 0-560 Yes Yes
135MF NA Exploration Core Hole Existing 847502.6923 745598.3783 1472.20 2095.5 6.25 5.5 65 5 3 376 376 - 0-376 Yes Yes
145MF NA Exploration Core Hole Existing 847981.8852 745570.0709 1473.00 2170 6.25 5 60 5 3 400 400 - 0-400 Yes Yes
149S NA Exploration Core Hole Existing 847985.9324 746428.5092 1477.30 2142.5 6.25 5 40 5 3 601 601 - 0-601 Yes Yes
28S NA Exploration Core Hole Existing 848220.5673 746014.3235 1475.20 2227 NR NR NR 5.74* NR NR NR - NR No Yes
356S NA Exploration Core Hole Existing 847860.4898 746648.2579 1478.00 2094 6.5 5.6 45 5 NR 473 NR - NR Yes Yes
357S NA Exploration Core Hole Existing 847735.4921 746431.7566 1476.85 2280 6.5 5.6 45 5 NR 455 NR - NR Yes Yes
366S NA Exploration Core Hole Existing 847860.4974 746215.2575 1476.40 425 6.5 5.6 45 5 NR 425 NR - NR Yes Yes
414S NA Exploration Core Hole Existing 848235.4974 746431.7618 1477.50 2267 6.5 5.6 50 5 3 380 380 - 0-380 Yes Yes

Well Abandonment DetailsConstruction Details

Comments

General Information

Diameter of 
Core Hole

NX (2.97")
NR

NX (2.97")
NX (2.97")
NX (2.97")
NX (2.97")
NX (2.97")

NX (2.97")

Table 3-1.  Wells and Core Holes within 500 Feet of the PTF Well Field

COREHOLES

NR

415S NA Exploration Core Hole Existing 858110.49 746648.24 1479.46 2042 6.5 NA 40 5 3 280 280 - 0-280 Yes Yes
447S NA Exploration Core Hole Existing 847572.0492 746646.8176 1476.90 593 6.5 5.6 40 5 NR 593 NR 4* NR Yes Yes
448S NA Exploration Core Hole Existing 847365.1096 746642.8776 1477.08 750 6.75 NR 40 5 3 750 750 4* 0-750 Yes Yes
453S NA Exploration Core Hole Existing 847240.1122 746426.8763 1475.47 870 6.75 NR 40 5 3 870 870 4* 0-870 Yes Yes
454S NA Exploration Core Hole Existing 847574.0571 746216.8169 1475.20 403 6.5 5.6 40 5 NR 403 NR 4* NR Yes Yes
455S NA Exploration Core Hole Existing 847365.1175 746210.3773 1473.55 553 7.875 5.6 40 5 3 553 NR 4* NR Yes Yes
456S NA Exploration Core Hole Existing 847115.1148 746210.3747 1473.21 825 6.75 NR 40 5 3 825 825 - 0-825 Yes Yes
459S NA Exploration Core Hole Existing 847490.1224 745993.8786 1474.03 483 6.5 NR 40 5 NR 483 NR - NR Yes Yes
460MF NA Exploration Core Hole Existing 847860.5059 745737.9446 1472.44 474 7.875 6 50 5 3 474 474 - NR Yes Yes
461MF NA Exploration Core Hole Existing 847566.1903 745737.9416 1472.07 385 7.875 6 55 5 3 385 385 - NR Yes Yes

462MF NA Exploration Core Hole Existing 847360.4383 745737.9393 1471.52 494 7.875 6 65 5 3* 494 501* - NR Yes Yes
463MF NA Exploration Core Hole Existing 847157.0591 745851.8123 1471.55 720 7.875 6 50 5 3 720 720 - NR Yes Yes
465MF NA Exploration Core Hole Existing 847740.1329 745560.8806 1471.86 350** NR NR NR NR NR NR NR - NR No No
94S NA Exploration Core Hole Existing 847736.125 745999.5686 1475.00 2038 NR - - 5.5* NR 560 NR 4* NR Yes Yes
95S NA Exploration Core Hole Existing 847236.1198 745999.1883 1472.70 1842 NR - - NR NR 590 NR - NR Yes Yes
MCC544 55-548200 Exploration Core Hole Existing 847485.3097 746002.8159 1473.70 1320.5 NR NR NR NR 4* 380 380 - NR No Yes
MCC367 55-539336 Exploration Core Hole Abandoned 848108.0623 746220.8225 1475.73 941 6.5 5.6 45 5 NR 355 355 - NR Type V Cement 941 0 NR Yes Yes
MCC368 55-539336 Exploration Core Hole Abandoned 847985.5026 745998.7585 1475.20 1044 6.5 5.6 55 5 NR 390 390 - NR Type V Cement 1044 0 800 Yes Yes
MCC421 55 539336 E l ti  C  H l Ab d d 848060 5079 745746 5092 1469 55 1039 6 5 5 6 60 5 3 360 353 0 353 T  V C t 1039 0 750 Y Y

Records indicate depth of 494, 
field tagged depth of 501

-
-
-

NX (2.97")

NX (2.97")
HX (3.88")
NX (2.97")
NX (2.97")

-

-
-
-

NR

-
-
-
-
-

MCC421 55-539336 Exploration Core Hole Abandoned 848060.5079 745746.5092 1469.55 1039 6.5 5.6 60 5 3 360 353 - 0-353 Type V Cement 1039 0 750 Yes Yes
MCC522 55-538308 Exploration Core Hole Abandoned 847507.0673 745604.8156 1466.00 1380 NR NR NR 3.5* - NR Pulled - NR Type V Cement 1380 0 750 No Yes
MCC525 55-538308 Exploration Core Hole Abandoned 847728.0587 746213.8186 1476.00 1212 NR NR NR NR - 430 Pulled - NR Type V Cement 1210 0 750 No Yes
MCC535 55-548247 Exploration Core Hole Abandoned 847533.19 745743.1913 1471.80 1279 NR NR NR 3.5* NR 360 220-360 - NR Type V Cement 1279 0 650 No Yes
MCC536 55-548247 Exploration Core Hole Abandoned 847768.8796 745752.1312 1472.20 1162 NR NR NR 3.5* - 380 Pulled - NR Type V Cement 1162 0 650 No Yes
MCC538 55-548247 Exploration Core Hole Abandoned 847852.3215 745570.3192 1472.10 1169 NR NR NR 3.5* - 359 Pulled - NR Type V Cement 1169 0 650 No Yes
MCC545 55-548200 Exploration Core Hole Abandoned 847464.4934 746204.4409 1474.00 1370 NR NR NR 4.5* - 363 Pulled - NR Type V Cement 1370 0 700 No Yes

MCC546 55-548200 Exploration Core Hole Abandoned 847618.2999 746645.6306 1477.00 1152 NR NR NR 3.5* - 397 Pulled - NR Type V Cement 620 0 450 No Yes
MCC546A 55-548200 Exploration Core Hole Abandoned 847627.8622 746653.8179 1477.10 1437 NR NR NR 3.5* - 990 Pulled - NR Type V Cement 1437 0 1100 No Yes
MCC561 55-548247 Exploration Core Hole Abandoned 847347.25 745776.6893 1471.10 1480 NR NR NR 3.5* NR 450 50-450 - NR Type V Cement 1480 0 800 No No 
MCC569 55-548247 Exploration Core Hole Abandoned 847104.6765 746250.6247 1473.10 1665 NR NR NR 3.5* - 800 Pulled - NR Type V Cement 1665 0 1050 No No
B-5 NA Geophysical Boring Abandoned 848238.0643 746193.8241 1478.00 31.5 6.625 - - - - - - - - Native Material 31.5 0 NR No Yes
B-6 NA Geophysical Boring Abandoned 848206.2792 745908.8835 1476.00 23.5 6.625 - - - - - - - - Native Material 23.5 0 NR No Yes

Obstruction at 620' during 
abandonment.

NX (2.97")

NX (2.97")
NX (2.97")
NX (2.97")

NX (2.97")
NX (2.97")
NX (2.97")
NX (2.97")
NX (2.97")

NX (2.97")

-
-

NX (2.97")
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Table 3-1.  Wells and Core Holes within 500 Feet of the PTF Well Field

Location Name ADWR Number Type Status Easting Northing

Surface
Elevation 

(Feet)
Total Depth 

(Feet)

Diameter of 
Surface 

Borehole 
(Inches)

Diameter of 
Surface Casing 

(Inches)

Depth of 
Surface 
Casing 
(Feet)

Diameter of Well 
Casing (Inches)

Diameter of Well 
Borehole 
(Inches)

Depth of 
Borehole 

(Feet)

Depth of 
Well 

(Feet)
Screened 

Interval (Feet)
Cement Seal 

(Feet)

Bentonite 
Grout Seal 

(Feet)

Sand 
Filter Pack 

(Feet)
Abandonment 

Material

Bottom 
Depth 
(Feet)

Upper Depth 
(Feet)

Approximate 
Volume 

(Gallons)
Driller's Log 

Available

Geologic 
Log 

Available

OB3-1 55-542056 Monitoring Well Existing 847679.2174 746250.8381 1475.78 800 NR 12 20 4 NR 800 800 500-780 0-20 20-500 500-800 No No
OB4-1 55-542055 Monitoring Well Existing 847572.0773 745631.1264 1471.78 800 NR 12 20 4 NR 800 800 440-780 0-20 20-440 440-800 No No
PW3-1 55-542056 Test Well Existing 847662.6065 746297.518 1475.50 800 NR 12 20 6 NR 800 800 500-780 0-20 20-500 500-800 No No
PW4-1 55-542055 Test Well Existing 847558.7182 745577.6161 1471.80 800 NR 12 20 6 NR 800 800 440-780 0-20 20-440 440-800 No No
WW3 55-627608 Irrigation Well Existing 847774.1494 745638.1085 1470.00 938 NR 24 81 18 18, 14 938 496, 933 240-933 NR - NR Yes No
DM-B 55-806521 Non-POC Well Abandoned 848035.958 746428.5319 1477.30 700 NR NR NR None Found 5 700 617 NR NR - NR Unknown Unknown Unknown Unknown No No

* = Values Observed in the Field
** = Value from SRK Geologic Model
NR = Not Recorded
NA = Not Available

Construction Details Well Abandonment DetailsGeneral Information

Comments
WELLS
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Figure 2-1
Model Predicted Migration of Lixiviant – Scenario 1

Florence Copper Project Groundwater Model0
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Scenario 1 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• Hydraulic conductivity of Sidewinder Fault Zone = 40 feet/day
• Porosity of Sidewinder Fault Zone = 10% (same as Base FCP Model)
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 2-2
Model Predicted Migration of Lixiviant – Scenario 1

Florence Copper Project Groundwater Model
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Scenario 1 Simulation Details and Variations from Base FCP Model:
 • 48 hours simulation time

• One well injecting at 60 gpm, no recovery pumping
• Hydraulic conductivity of Sidewinder Fault Zone = 40 feet/day
• Porosity of Sidewinder Fault Zone = 10% (same as Base FCP Model)
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 2-3
Model Predicted Migration of Lixiviant – Scenario 2

Florence Copper Project Groundwater Model0
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Scenario 2 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• Hydraulic conductivity of Sidewinder Fault Zone = 40 feet/day
• Porosity of Sidewinder Fault Zone = 13%
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 2-4
Model Predicted Migration of Lixiviant – Scenario 3

Florence Copper Project Groundwater Model0
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Scenario 3 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• Hydraulic conductivity of Sidewinder Fault Zone = 40 feet/day
• Porosity of Sidewinder Fault Zone = 20%
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 2-5
Model Predicted Migration of Lixiviant – Scenario 4

Florence Copper Project Groundwater Model
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Scenario 4 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• Porosity of Oxide Layers = 2%
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 2-6
Model Predicted Migration of Lixiviant – Scenario 5

Florence Copper Project Groundwater Model
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Scenario 5 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• Porosity of Oxide Layers = 8%
• Other hydrologic parameters same as base FCP Model (Table 10-1)

 

1,400
ft amsl

200

300

400

500

600

700

800

900

1,000

1,100

1,200

1,300



Percent
Lixiviant in
Groundwater 

0.01

10

30

40

50

60

80

100

90

70

20

Sidewinder
Fault Zone

CROSS SECTION TRACE

 

0

HORIZONTAL SCALE
(feet)

12.5

25

50 100 250

Cross-Section along Model Column 177
PTF Well Field

North
Model Row

136

South
Model Row
272

Figure 2-7
Model Predicted Migration of Lixiviant – Scenario 6

Florence Copper Project Groundwater Model

Scenario 6 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• Porosity of Oxide Layers = 13%
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 2-8
Model Predicted Migration of Lixiviant – Scenario 7

Florence Copper Project Groundwater Model

Cross-Section along Model Column 177
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Scenario 7 Simulation Details and Variations from Base FCP Model:
 • 30 days simulation time

• One well injecting at 60 gpm, no recovery pumping
• No confining unit in vicinity of PTF
• Hydraulic conductivity of MFGU (Layer 3) set to magnitude of LBFU
• Other hydrologic parameters same as base FCP Model (Table 10-1)
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Figure 9-1
Model Predicted Migration of Lixiviant – Scenario 8 

West-facing Cross Section
Florence Copper Project Groundwater Model
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Scenario 8 Simulation Details and Variations from Base FCP Model:
 • 14 months simulation time

• 4 PTF wells injecting at 60 gpm each
• 9 PTF recovery wells pumping at 300 gpm total
• Hydrologic parameters same as base FCP Model (Table 10-1)
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Cross-Section along Model Row 231 

Figure 9-2
Model Predicted Migration of Lixiviant – Scenario 8

North-facing Cross Section
Florence Copper Project Groundwater Model
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Scenario 8 Simulation Details and Variations from Base FCP Model:
 • 14 months simulation time

• 4 PTF wells injecting at 60 gpm each
• 9 PTF recovery wells pumping at 300 gpm total
• Hydrologic parameters same as base FCP Model (Table 10-1)
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MAGMA COPPER. FLORENCE
Drill Eole Summary
MCC-569 (site r'-35)
February 16,lY)6

Type: Rotary 0' to 800', Nx Diamond, l0' split barrel 800' to 999', 5' qplit borrel 999' to 1653'
Sterted: Sepember 2O,1995; Completed: October 16, 1995

Totd depth: 1665 ft. (according to driller's log), 1663' measured on core.

Colf ar coordinrter: 746,203.8 lN 647,315.61E
Top of cesing elevation: No casing in place when surveyed.

Ground elevrtion: 1473.1 ft
Azimuth: N/A
Inclination: -90o; downhole surveys at *100 ft. increments from 810' to 1650' dep{h.
Drilting contrecton Christensen Boyles Corp.
Iagged by: J. Downey
hrrpose: Ore reserve confirmation and classification on the west side of the deposit during the 1995 pre-

feasibility prognm. MCC-569 is locatod approximately 50 feet north of Conoco hole 456-5.

Geologic Samnul
Precambrian auare Morzonite is the most common litholory in MCC-569, and exceping the last

interval, from 1613' to 16f.3' , it is typical of the granitic rock seen in most of the recent drill holes. The unusual
phase of Pr,ecambrian auarE Monzonite in the last interval is equigranular, with little or no primary pink
microcline. This interval is separated from the overlying qpical Yqm by a major fault from 1607.5 to 16ll.5.
Mineral garns typrcally range from -3mm to l0 mm, and the largest crystals tend to be euhedral to sub'hodral p-
quare. attaftz ard plagioclase each average around 2f/o of the roch and biotite (including secondary) also

averages 4Dyo. The remainder is a whitish semi-opaqrre feldspar that commonly is altered to a light brown Ksp,
usually surrounding host fractures or healed fractures. This mineral is assuned to be either white orthoclase or
sonre other alkali feldspar. PeEographic sample of a similar rock (MFL5 A MFLT) from MCC-548 were described

by Sid Williams. This intenral is hosts signifrcantty more Ksp flooding and argillization than the typical qvaft,
molzonite, hrt it is not clear if this is the re,sult of environment or chemistry. Coing on the texture and
composition of this rock it could be a phase of the Tertiary intnrsion, but as no age Mte has been done it tends to
get lumped with the hocamb,rian rock.

This hole contains two intervals of Granodiorite porphyry, one 15' thick and the other 50' thick Both
appear to be Conooo's type tr porphyry, as they are a dark gey oolor and contain little or no quartz. Both tend to

be highly fractured with mild K-spar veining and a moderate clay overprint. Mineralization tends to be weak in
both intervds.

Tertiary Trachy-Ardesite o@urs as two dikes, the fint being a thin b'rown-green drab dike with mildly
developed flow alignment of needle-like phenos, and fairly strong exotic coper mineralization. Trachy-Andesite
also ocqrs as a med to light brown dike with large subMral plagioclase and anbe&al quare phenos. This d'ke
is very competent, shows traces of trachitic flow alignmeng and has traces of tenorite on some fractures. Neither
contains significant alteration asi& from clay, etc. on the ftactures and some argillization of plagioclase phenos,

The entirc hole seems to have a mild to moderate potassic alteratio& as either biotite or Ksp + qg

depending upon host lithologr. Cilorite and clinochlore (pennine, amording to pet. reports) occur locally as areas

of mod. to str. clots and zones of replacement in the Yqm. These minerals are assumed to be the results of further
alteration of secondary and pnmary biotite. Clay alteration is mod to str, thougbout the hole and there is

considerable clay alteration in the sulfide rock which is assumed to be hypogene, consisting of white and drab
green clays, both on the fracture.s and in the matrix. Clay is also very cDnunon in the oxide rodq ard much of il is
assrmed to be either hypogene or the result of structural movement. Some of the oxide clays are certain to have

been fonned from supergene processes, hf these clays are realistically inpossible to difrerentiate in hand sample.

A similar such aszumgion deals with sericite. Recent p€trogfaphic strdies and numerous Conoco pet. rqods
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Curis Resources (Arizona) Inc.  
In-Situ Copper Recovery Phase 1 Facility Operations Plan 

 

1. INTRODUCTION  

This document provides a description of monitoring, control, and reporting requirements associated 
with the operation of the Florence Copper Project (FCP) in-situ copper recovery (ISCR) Phase 1 
facilities in compliance with an Underground Injection Control (UIC) Permit.  The methods and 
procedures described in this Operations Plan incorporate the detailed provisions contained in 
Attachments H, K, O, and P of the application that Curis Resources (Arizona) Inc. (Curis Arizona) 
submitted to the United States Environmental Protection Agency (USEPA) on March 31, 2011 to 
transfer, with modifications of UIC Permit AZ396000001 (UIC Application).  The injection and 
recovery system will employ devices for metering flow and pressure, and for manually or 
automatically shutting down flow when alarm conditions occur.  The metering devices will be 
monitored in a central control room and will provide sufficient information to allow the operator to 
maintain hydraulic control on a daily basis.  Within the control room, the operator will have direct 
access to the necessary controls for shutting down the injection and extraction systems in response 
to unanticipated conditions.  

Table 1, ISCR Phase 1 Facility Operations Plan (Monitoring and Response Requirements) provides a 
summary of methods and procedures related to Phase 1 (Production Test Facility [PTF]) operations.  
The table identifies major components of the ISCR process; devices by which the components are to 
be monitored; the operating conditions to be monitored; possible causes of those conditions; 
immediate responses required if conditions exceed specified limits; and required follow-up actions.  
The monitoring devices will be electronically linked to the facility control room in order to provide a 
continuous assessment of conditions in the ISCR area, the pipeline corridor, and process area.   

2. OPERATIONS  

2.1 Pre-Operational Review  

Before commencing ISCR operations, operations personnel will conduct a pre-operational review of 
all equipment, monitoring devices, and procedures to ensure that the operations comply with the 
following permit conditions. 

1. Mechanical integrity tests (Part I and Part II) have been conducted on all ISCR wells in the 
ISCR well field, and all wells have passed the tests.  

2. All wells have been completed such that they will not inject solutions within the uppermost 
40 feet of the oxide zone (injection exclusion zone).  

3. All coreholes and non-Class III wells located within 500 feet of the PTF well block have been 
abandoned in accordance with the approved Plugging and Abandonment Plan.  

4. Allowable injection pressure set not to exceed 0.65 pounds per square inch per foot (psi/ft) 
for each injection well.  

5. Fresh groundwater has been injected, as needed, to assess the hydraulics of the injection 
and recovery patterns and to confirm that all monitoring devices and controls are in working 
order. 

  



Curis Resources (Arizona) Inc. 
ISCR Phase 1 Facility Operations Plan 

 
 

G:\Projects\Curis Resources\38706-Curis Feasibility\Deliverables\Operations Plan\2012-0808 Curis UIC Phase 1 Ops Plan.docx\08.08.12  2 

2.2 Injection System and Monitoring Devices 

The injection system consists of individual injection wells, pumps, manifolds, piping, flow meters, and 
related controls.  Manifolds will be used in Phase 1 to distribute lixiviant to injection wells and to 
collect pregnant leach solution (PLS) from recovery wells.   

2.2.1 Injection Pressures  

The proposed Class III injection wells may be operated in one of two modes: pressurized at the well 
head or under atmospheric well head pressures.   

To ensure that injection pressures do not induce additional fracturing of the oxide zone, the UIC 
Permit established a fracture gradient limit of 0.65 psi/ft.  Maximum injection pressures are 
determined by multiplying the fracture gradient limit (0.65 psi/ft) by the depth from the top of well 
casing to the top of the injection interval.  This method of calculating maximum injection pressures 
reflects the pressure generated by the weight of the column of raffinate and an additional pressure 
applied by mechanical means to achieve the maximum allowable injection pressure at depth. 

2.2.2 Injection Monitoring and Controls 

Mechanical controls and monitoring devices incorporated into the injection system include:  
 a pressure gauge at each injection manifold with set points; 

 a flow meter at each injection manifold for measuring flow rates (gallons per minute [gpm]); 

 a totalizing flow meter for measuring cumulative flow (gallons) into each injection manifold; 
 an isolation valve at each injection well; 

 a flow meter at each injection well for measuring flow rates (gpm); and 

 a valve at each injection well for controlling flow. 

Operators will use the gauges and meters at each injection manifold as devices for monitoring 
injection pressures and flows on a manifold-by-manifold basis.  Allowable injection pressure will be 
calculated for each injection well.  Actual pressures measured at each manifold will be compared to 
the maximum allowable pressure(s) for the well with the lowest allowable pressure, and will be 
adjusted as necessary to ensure injection pressures are within calculated allowable limits.   

Every 24 hours, the totalized flows from all of the injection manifolds will be summed and compared 
to the summed totalized flows from all of the manifolds from recovery wells, hydraulic control (HC) 
wells, and injection and recovery zone (IRZ) restoration wells.  If the summed total flow out of the IRZ 
exceeds the total flow into the IRZ, hydraulic control is confirmed.  If the summed total flow out of the 
IRZ does not exceed the total flow into the IRZ, adjustments to recovery and/or injection flow rates 
will be made accordingly to restore hydraulic control. 

Reduced flow in an injection well may be due to changes in formation characteristics or clogging of 
the formation or the well screens.  A sudden increase in flow may indicate a break/failure of the well 
casing.  If a casing breach is believed to have occurred, the operator will shut down that well by 
closing the well head isolation valve and will conduct relevant inspections.  Inspections and related 
reporting will be conducted in accordance with Plans for Well Failures (Attachment O). 

The injection and recovery systems will be connected to one or more tank farms in the ISCR area.  
The tank farms will include tanks fitted with a high-level alarm and level indicators.  Both alarm and 
level indicator signals will be routed to the control room.  An alarm will actuate if either a line fails or 
the tank high level is exceeded.  The feed pump to the tank will be disabled automatically.  Spilled 
solutions will be captured in a lined collection sump able to contain 110 percent of the volume of the 
tank and line.  The spilled volume will be pumped back into the circuit for reuse.  
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Solutions pumped through pipelines located in pipeline channels between the ISCR area and the 
process area will be metered for flow and pressure.  An electronic monitoring system will alarm if a 
pump fails, flow is interrupted, or flow is not in logical mode when a pump is activated.  Loss of 
pressure or pressure exceeding a high setting will cause the pump to automatically shut down.  In 
the event of such an occurrence, the plant operator will inspect the system.  A broken line will be 
repaired within 72 hours and spilled solutions captured in spill control sumps in the lined channels 
will be pumped back into the process systems or to the water impoundment. 

2.2.2.1 Recovery System Monitoring and Controls 

The recovery system is similar to the injection system.  It is comprised of individual recovery wells, 
pumps, recovery manifolds, piping, and related meters and controls, and includes: 

 a continuous reading flow meter (gpm) at each recovery manifold; 

 a totalizing flow meter (gallons) at each recovery manifold; 
 an isolation valve at each recovery well; 

 a flow meter at each recovery well; and 

 a pressure transducer within perimeter and selected recovery wells for measuring head/water 
elevation within an IRZ (to assess hydraulic control). 

The flow meters on the recovery manifolds will allow the operators to monitor recovery flow rates and 
use the data to compare against injection flow rates as described above.  As necessary, recovery 
flow can be adjusted in the manifolds to ensure that flow out of the operational unit exceeds the flow 
of lixiviant and any other injectate into the operational unit.  Inspections and related reporting will be 
conducted in accordance with Plans for Well Failures (Attachment O.) 

2.2.2.2 Hydraulic Control  

Hydraulic control must be maintained from the time that lixiviant injection begins until the 
groundwater quality in the IRZ has been restored to a quality that meets closure criteria in the 
Aquifer Protection Permit (APP) and the UIC Permit.   

Hydraulic control is defined as a condition involving an inward groundwater gradient.  It is 
maintained by pumping more solution from the IRZ than is injected into the IRZ, and is used to 
prevent in-situ solutions from migrating beyond the IRZ.   

In-line flow meters will be used to monitor and verify that the volume of PLS pumped from recovery 
wells exceeds the amount of lixiviant injected to confirm hydraulic control.  In addition, the presence 
of an inward hydraulic control will be monitored on a daily basis by comparing water levels in paired 
wells along the perimeter of the IRZ.  Hydraulic control is confirmed when the water level in the outer 
well is higher than the water level in the inner well of each well pair.  

3. OPERATIONAL MONITORING 

Table 1 (attached) summarizes operational monitoring methods and procedures that will be used 
during Phase 1 (PTF) operations.  Table 1 is designed to provide for the identification and correction 
of any problem related to the storage or flow of ISCR solutions before the solutions reach surface 
soils, the vadose zone, or groundwater outside the IRZ.  The monitoring methods and procedures are 
also designed to monitor and maintain hydraulic control and thereby prevent ISCR solutions from 
migrating beyond the IRZ.  Table 1 is not intended to cover the sampling and analysis of groundwater 
or ISCR solutions because of the complexity of the required equipment and procedures.  However, 
references are provided in Section 1 for all related sampling and analysis requirements.  
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3.1 Emergency Response/Contingency Plan Requirements Emergency Conditions 

The following conditions will cause activation of the contingency plan. 
1. Spills of sulfuric acid, raffinate, or PLS outside containment structures that are in excess of 

the reportable quantities set forth in 40 CFR 302 et seq.  
2. Loss of hydraulic control within an operational unit for more than 72 consecutive hours.  For 

purpose of this requirement, loss of hydraulic control means that the amount of fluids 
injected during a 72-hour period exceeds the amount of fluid recovered during the same 
72-hour period, and/or that the average head reading for any observation pair for a 72-hour 
period indicates a flat or outward gradient. 

3. Failure of transducers in any observation pair for more than 72 hours.  

3.2 Emergency Response Actions 

The occurrence of any of the conditions described above will result in: 
1. The activation of the notification procedures set forth in the APP.   
2. Immediate containment of the spilled material, return of collected liquids to the process or to 

the evaporation ponds, disposal of contaminated soils in the water impoundment(s), and 
disposal of other debris in approved off-site facilities. 

3. Immediate cessation of injection until such time that hydraulic control has been established 
and recovery wells have operated a sufficiently long period of time to compensate for the 
amount of fluid that was injected in excess of the amount recovered during the 72-hour 
period. 

4. RECORDKEEPING AND REPORTING 

Operational reporting will be conducted at two levels: daily and quarterly.  Curis Arizona operators will 
complete a daily operations log that includes each of the daily monitoring requirements and 
calculations described above, and other entries related to the injection and recovery process.  These 
logs will be maintained on site and be available for inspection for a period of two years.  Quarterly 
monitoring reports will be submitted to the Arizona Department of Environmental Quality (ADEQ), and 
will include summaries of pertinent data from the daily operations log, as well as water quality 
sampling results for the point-of-compliance (POC) wells.  Copies of the quarterly reports will be 
maintained on site until commencement of the post-closure period. 

4.1 Daily Operations Log 

The daily operations log will include the following: 
 Daily cumulative flow rates for each of the injection and recovery manifolds. 

 Daily cumulative total flow rates for the all of in the injection and recovery manifolds combined. 
 Daily average water level readings for each perimeter/recovery well pair. 

 List of injection and recovery wells shut down in response to alarm conditions, and actions 
taken to correct the alarm conditions noted.  This information will include well identification, 
shut down time, and estimate of excess injection flow occurring prior to shut down. 
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4.2 Quarterly Monitoring Report 

Quarterly monitoring reports will be submitted to ADEQ and USEPA within 45 days following the end 
of each calendar quarter.  The quarterly reports will include: 

 A table showing POC monitoring well analytical results and alert levels with a narrative summary 
of those results. 

 Results of monthly analysis of organics in raffinate. 

 A table and graphs showing daily average head in the paired perimeter and observation wells. 
 A table and graph showing daily cumulative injection and recovery flow in each active production 

unit over the reporting period. 

 Results of monitoring required by 40 CFR 146.33(b)(i) whenever the injection fluid is modified to 
the extent that previously reported analyses are incorrect and incomplete. 

 Results of mechanical integrity testing completed during the reporting period. 

 A map showing current operational unit status. 
 A list of wells and coreholes abandoned during the reporting period, and a list of wells and 

coreholes to be abandoned during the next reporting period. 
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Component Monitoring Device  Condition Possible Cause* Response Follow-up Action

Injection Manifold and 
Pipeline

Pressure Gage or Transducer with 
upper and lower set points

Pressure exceeds upper setting Improper pump setting, clogged screens, reduced 
formation permeability, obstructed well or 
equipment.

Alarm in control room,  stop flow at  injection 
manifold

Restart injection at lower flow rates.

Pressure below lower setting Line break, casing or screen breach. Alarm in control room, stop flow at injection 
manifold

Repair system before restarting flow to injection manifold.

Flow Meter Flow rate too high Improper pump setting, line break, injection well 
short circuit.

Alarm in control room, stop or reduce flow  at 
injection manifold

Inspect/repair injection system, increase flow rates in 
adjoining recovery monifolds as necessary.

Flow rate too low Improper pump setting, clogged screens, reduced 
formation permeability, obstructed well or 
equipment.

Alarm in control room, reduce flow rates in 
adjoining recovery manifolds

Inspect/repair system, adjust injection flow rate as necessary.

Totalizing Flow Meter Daily total flow: Total in > 
total out

Loss of hydraulic control. Reduce injection flow rate or increase recovery 
flow rate

Follow Part II.H.1 of UIC Permit and related reporting and 
record-keeping requirements.

Injection Well Head No flow Power loss, line break, instrument failure. Reduce recovery rate in adjacent wells Repair system, adjust flow rates as necessary.

Flow rate too high Improper pump setting, injection well short circuit, 
damaged well casing or equipment.

Reduce injection flow rate as necessary Inspect/repair injection system.

Flow rate too low Improper pump setting, reduced formation 
permeability, obstructed well or equipment.

Reduce flow rates in adjoining recovery manifolds Inspect/repair system, adjust injection flow rate as necessary.

Recovery Manifold and 
Pipeline

Flow Meter Flow rate too high Improper pump setting. Reduce recovery manifold flow rates as necessary Inspect/repair system, reduce recovery flow rate as necessary.

Flow rate too low Improper pump setting, reduced formation 
permeability, obstructed well or equipment.

Increase pump rate Inspect/repair system, reduce injection flow rate in adjacent 
manifolds as necessary.

Totalizing Flow Meter Daily total flow: Total in > 
total out

Loss of hydraulic control. Reduce injection flow rate or increase recovery 
flow rate as necessary

Follow Part II.H.1 of UIC Permitand related reporting and 
record-keeping requirements.

Recovery Well Head Flow Meter No flow Power loss, intrument failure. Alarm in control room, stop injection in adjoining 
injection wells

Repair system before restarting injection.

Pressure Transducer
(in selected wells only)

Fluid level too high Improper pump setting, short circuit in adjacent 
injection wells.

Alarm in control room, adjust pump setting, 
inspect well, reduce injection in adjoining wells as 
necessary

Inspect/repair recovery well and adjacent injection wells as 
necessary.

Fluid level too low Improper pump setting, clogged screen,  reduced 
formation permeability.

Alarm in control room, automatic shut-off of 
pump

Evaluate formation, restart well at lower flow rate if 
necessary.
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Alarm in control room, automatic shut-off of 
pumps at raffinate tanks

Inspect/repair injection system, adjust pump settings at 
raffinate tank.

Fluid level too high

Table 1.   ISCR Phase 1 Facility Operations Plan (Monitoring and Reponse Requirements)

Flow Meter

Recovery rate too high, or flow to SX/EW too low 
if in production mode, or flow to raffinate tank too 
low if in  recirulation mode. 

Alarm in control room, automatic shut-off of 
recovery and injection wells

Inspect/repair injection system, adjust pumps to PLS pond 
and injection manifolds.

Raffinate/Lixiviant Tanks

PLS Tanks

Level Indicators

Level Indicators

Fluid level too low Recovery rate too low or flow to SX/EW too high 
if in production mode, or flow to raffinate tank too 
high if in recirculation mode. 

Alarm in control room, automatic shut-off of  
injection wells

Inspect/repair injection/recovery system; inspect/repair lines 
to raffinate tanks.

If in production mode, insufficient flow to  
injection wells or  insufficient raffinate bleed to 
water impoundment.   If in recirculation mode,  
too much flow from PLS tanks.

Fluid level too low If in production mode, flow too high to injection 
manifolds or  too much raffinate bleed to water 
impoundment.   If in recirculation mode, 
insufficient flow from PLS tanks.

Alarm in control room, automatic shut-off of 
injection pumps

Inspect/repair injection/raffinate system, adjust pumps at 
raffinate tank.

Fluid level too high
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Component Monitoring Device  Condition Possible Cause* Response Follow-up Action

Table 1.   ISCR Phase 1 Facility Operations Plan (Monitoring and Reponse Requirements)

Raffinate/Lixiviant Tanks Level Indicators Fluid level too high If in production mode, insufficient flow to  
injection wells or  insufficient raffinate bleed to 
water impoundment.   If in recirculation mode,  
too much flow from PLS tanks

Alarm in control room, automatic shut-off of 
pumps at raffinate tanks

Inspect/repair injection system, adjust pump settings at 
raffinate tank.

Fluid level too low If in production mode, flow too high to injection 
manifolds or  too much raffinate bleed to water 
impoundment.   If in recirculation mode, 
insufficient flow from PLS tanks.

Alarm in control room, automatic shut-off of 
injection pumps

Inspect/repair injection/raffinate system, adjust pumps at 
raffinate tank.

PLS Tanks  Level Indicators Fluid level too high Recovery rate too high, or flow to SX/EW too low 
if in production mode, or flow to raffinate tank too 
low if in  recirulation mode. 

Alarm in control room, automatic shut-off of 
recovery and injection wells

Inspect/repair injection system, adjust pumps to PLS pond 
and injection manifolds.

Fluid level too low Recovery rate too low or flow to SX/EW too high 
if in production mode, or flow to raffinate tank too 
high if in recirculation mode. 

Alarm in control room, automatic shut-off of  
injection wells

Inspect/repair injection/recovery system; inspect/repair lines 
to raffinate tanks.
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Sumps Liquid Detectors Liquid present Precipitation or leak. Alarm in control room.  If not raining, arm 
immediate shut-off of associated pumps.

Assess liquid; return liquid to plant or water impoundment; 
evaluate and repair pipeline if needed.
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t Leak Collection and Removal 

System (LCRS)
Conductivity probe Presence of liquid in sump 

above pump-down level
Leak in upper (primary) liner. Measure and record volume of liquid removed 

from LCRS sump, determine if ALR or RLL is 
exceeded.

If ALR or RLL is exceeded, follow APP contingency plan 
and related reporting and record-keeping requirements.

Paired Recovery/Observation Wells

*Faulty monitoring devices will be evaluated as a possible cause of each listed condition.
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d Liquid Level IndicatorSump Precipitation, leak, spill, wash down.Liquid accumulating in sump

Pressure Transducer Average daily head in recovery 
well  >  
average daily head in 
observation well

Loss of hydraulic control. Increase recovery flow rate or decrease injection 
flow rate as necessary

Follow Part II.H.1 of UIC Permit and related reporting and 
record-keeping requirements.External 

Monitoring

Alarm in control room; determine nature of liquid. 
Pump to PLS, raffinate tanks, or neutralizing 
unit/water impoundment depending on volume 
and source of liquid.

Inspect sump to confirm that accumulating liquids are being 
being removed.
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Revised Temporary APP Figure 9A-1 
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9.1 Introduction 

Curis Resources (Arizona) Inc. (Curis Arizona) has prepared this Attachment 9 in support of its application 
to the Arizona Department of Environmental Quality (ADEQ) for a temporary Aquifer Protection Permit 
(APP) for the Production Test Facility (PTF) that is proposed to be located on State land within the Curis 
Arizona property.  The information contained in Attachment 9 pertains to the PTF design and has been 
prepared in response to the requirements of Item 25.C of the Individual Aquifer Protection Permit 
Application Form (GWS Form 101, July 2011), the requirements of Arizona Administrative Code (A.A.C.) 
R18-9-A202.A.3, and the requirements of Arizona Revised Statutes (A.R.S.) § 49-243. 

In addition to general facility description, this attachment provides detailed information required by 
Item 25.C of the Application Form and A.A.C. R18-9-A202.A.3.  The information required by A.A.C. R18-9-
A202.A.3 pertains to facilities subject to individual permit requirements as identified in A.R.S. § 49-241.B.  
The required information includes “facility design documents indicating proposed or as-built design details 
and proposed or as-built configuration of basins, ponds, waste storage areas, drainage diversion feature, or 
other engineered elements of the facility affecting discharge.”  The exhibits listed below address this required 
design information. 

 Exhibit 9A – Design Documents Pertaining to the PTF Well Field. 

 Exhibit 9B – The Knight Piésold PTF Solution Impoundment Design Report, which provides 
information regarding the design of the water impoundment and related features. 

 Exhibit 9C – The M3 Runoff Pond Design Report and Flow Sheets which provide information 
regarding the plant facilities and the runoff pond.  

9.2 Project Overview  

The PTF is proposed to be located on State Land leased by Curis Arizona.  The proposed PTF is a pilot-scale 
facility that will include a well field consisting of 24 wells; a solvent extraction/electrowinning (SX/EW) 
plant, facilities for beneficiation of in-situ copper recovery (ISCR) solutions and a runoff pond; and a water 
impoundment.  The PTF will be used to (1) develop information needed to confirm and advance information 
developed by BHP Copper Inc. (BHP Copper) regarding the maintenance of hydraulic control and the 
characteristics of ISCR solutions; (2) develop data for the pending APP application for commercial-scale 
ISCR operations; (3) evaluate the potential for the economical recovery of copper from the ISCR solutions 
and the production of electrolytic Grade A copper cathodes using SX/EW technology; (4) evaluate options 
to treat and manage water for commercial-scale operations; and (5) evaluate additional design elements as 
necessary to ensure compliance with applicable requirements of ADEQ and the United States Environmental 
Protection Agency (USEPA).   

Major components of the PTF are shown on Figure 8-1.  They include the PTF well field, the pipeline 
corridor, the beneficiation area/runoff pond, and the water impoundment.  Figure 8-1 also shows the 
proposed pollutant management area (PMA), the area in which all PTF operations may be conducted, and the 
point of compliance (POC) wells, which are the wells used to document compliance with Aquifer Water 
Quality Standards (AWQS).   

The proposed ISCR process involves injecting a lixiviant (a dilute sulfuric acid solution) via an array of 
injection wells into the oxide zone of the bedrock beneath the facility for the purpose of dissolving copper 
from minerals in the oxide zone.  The resulting copper-bearing solution (pregnant leach solution [PLS]) will 
be pumped by recovery wells to the surface where copper will be removed from the solution in a SX/EW 
plant.  The barren solution (raffinate) from the SX/EW plant will be re-acidified and injected back into the 
oxide zone as lixiviant.  Exhibit 9A provides detailed descriptions of the designs, construction, and operation 
of the test wells. 
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Hydraulic control must be maintained from the time that lixiviant injection begins until after economic 
recovery of copper is complete, and the groundwater quality in the injection and recovery zone (IRZ) has 
been restored to a quality that meets closure criteria in the APP and the Underground Injection Control 
(UIC) requirements.  Those criteria include compliance with AWQS or with pre-operational water quality 
concentrations if those concentrations exceeded AWQS before ISCR operations begin.  Attachment 16 
(Closure and Post-Closure Plans) includes a detailed discussion of the closure process. 

Hydraulic control is defined as a condition established by an inward groundwater gradient.  It is maintained 
by pumping more solution from the IRZ than is injected into the IRZ, and is used to prevent in-situ solutions 
from migrating beyond the IRZ.  The level of hydraulic control will be metered and measured.  In-line flow 
meters in the PLS and lixiviant lines will be used to monitor, on a daily basis, the volume of PLS pumped 
from recovery wells in the IRZ to ensure that the amount of PLS recovered exceeds the amount of lixiviant 
injected into the IRZ.  In addition, the presence of an inward hydraulic gradient will be monitored on a daily 
basis by comparing water levels in paired wells along the perimeter of the IRZ.  An observation well will be 
the outer well forming one-half of a well-pair.  The inner well forming the other half of the well-pair will be a 
recovery well used to pump PLS from the IRZ to the plant area.  

The PTF will be designed and operated in accordance with requirements of APP and UIC regulations.  The 
PTF will produce PLS at rates of up to approximately 300 gallons per minute (gpm).  It will be similar in size 
and operation to the facility constructed in 1997 to conduct a hydraulic control test in the vicinity of the PTF.  
However, there are three major differences: 

1. Lixiviant will be injected at the PTF for approximately 12 to 14 months, whereas lixiviant injection 
occurred only 90 days during the hydraulic control test.  The longer injection time is necessary in 
order to evaluate in-situ solutions as they change in composition (mature) over a time period similar 
to that which would occur during commercial operations.  

2. The PTF will include an SX/EW plant.  
3. The PTF will include injection and recovery wells that incorporate improved designs, and the four 

multi-level sampling wells that will be installed in the PTF well field will incorporate technology 
superior to the technology used in the two multi-level sampling wells included in the well field for the 
1997 hydraulic control test.  

Curis Arizona proposes that injection wells and recovery wells have the same basic design so that each well 
can serve as a multi-purpose well as needed during the operations and closure.  A universal design standard 
will reduce the number of wells that might otherwise be required and thereby save resources and minimize 
the number of potential migration paths for in-situ solutions.  All wells installed in the PTF well field will 
meet mechanical integrity tests.  

The injection and recovery wells will be equipped with multiple screened intervals.  The ability to target 
lixiviant injection into a discrete interval of the oxide zone at rates consistent with the conditions in that 
interval should increase the copper content in the PLS and reduce the volume of groundwater required for 
injection, recovery, and restoration.  Injection pressures will not exceed 0.65 pounds per square inch per foot 
(psi/ft), as measured from ground surface to the top of the injection interval.    

The principal components of the PTF are:    

 Modular Office Trailers 

 Septic Holding Tank 

 Diesel Generator (with on-board diesel tank)  

 Firewater Tank 

 Potable Water Tank 

 Fire Pump Skid (includes small water tank, pump, with generator and small on-board diesel tank)  

 Water Impoundment    
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 Runoff Pond 

 Tanks and Associated Piping  

 SX/EW Plant 

 PTF Well Field, Injection and Recovery Wells  

 PTF Well Field, Well Heads and Related Piping 

 Electrical Power Lines and Motor Control Center (MCC)  

 Roads/Yards, Parking Areas 

 Pipelines 

 Security fencing around the plant area and the water impoundment. 

9.3 PTF Components and Related Controls  

9.3.1 Well Field and Pipelines 

As described in Exhibit 9A, the injection and recovery wells, observation wells, and multi-level sampling wells 
proposed to be installed at the PTF well field will be designed, installed, operated, and abandoned in 
accordance with the requirements of ADEQ, USEPA, and the Arizona Department of Water Resources 
(ADWR).  

Before ISCR operations may commence, all wells and coreholes within 500 feet of the injection wells and 
recovery wells located in the PTF well field will be abandoned.  The locations of the wells and coreholes 
within the 500-foot zone were identified using records of the ADWR and records of drilling programs 
conducted by previous owners of the Curis Arizona property.  The record locations of the wells and 
coreholes are shown on Figure 8-1 and the coordinates of the wells and coreholes are shown in Table 9-1.   

The wells and coreholes will be closed in accordance with Sections Q.2 through Q.4 of the Plugging and 
Abandonment Plan (Well Abandonment Plan) that was submitted as Attachment Q to UIC Permit 
application that Curis Arizona submitted to the USEPA on March 29, 2011.  The Well Abandonment Plan is 
included in this application as Exhibit 16A.     

The abandonment process within the 500-foot zone will begin with procedures designed to assist in the 
location of all wells and coreholes within the 500-foot zone, recognizing that some of the holes may no 
longer be visible at ground surface.  Some holes might not be visible because the procedures then used to 
abandon the coreholes was to backfill each hole with native material and the top 20 feet with grout.  In 
addition, the walls of holes that were not backfilled may have collapsed, allowing the holes to be filled in over 
time.  To address that problem, Section Q.3 of the Well Abandonment Plan provides that excavation will be 
used to identify the collars of coreholes that are not visible at the surface.  To avoid unnecessary excavation, 
the area will first be observed for changes in soil texture, surface elevation, and changes in vegetation that 
might be indicative of previous drilling activities.  Curis Arizona will also evaluate alternative geophysical 
techniques as needed.   

Groundwater model results indicate that, within the IRZ, the pressure adjacent to a typical injection well will 
be approximately equivalent to a 25-foot rise in water level above pre-injection conditions, while the pressure 
next to a typical recovery well operating in conjunction with the injection well will be approximately 
equivalent to a 25-foot drop in water level.  Therefore, the equivalent water level is expected to be no more 
than 25 feet above or below the pre-operational groundwater level depending on the location of the borehole 
between the injection well and the recovery well.  Because all PTF wells will be cased and sealed through the 
top 40 feet of the oxide zone, injected ISCR solution will not rise above the top of the oxide zone even if an 
undetected open hole exists next to an operating injection well  
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Wells installed within the PTF well field will be drilled using mud-rotary or an alternative method, depending 
on formation support conditions.  Drilling fluids will be managed in portable tanks.  Drilling fluids that can 
no longer be reused will be placed in the water impoundment.  Previous tests (Volume IV, 1996 Application) 
indicate cuttings produced from drilling activities in the vicinity of the PTF do not generate acid, so cuttings 
removed from alluvial overburden and the oxide zone will be placed on the surface; mineralized cuttings 
from the sulfide zone will be placed in the water impoundment.   

As noted above, all injection and recovery wells will be installed with surface seals extending from the surface 
to a point 40 feet below the top of the Bedrock Oxide Unit.  The injection and recovery wells will be 
equipped with controls and safety devices as described in Exhibit 9A and Table 9-1.  Wells within the PTF 
well field and pipes connecting the wells to surface facilities such as the SX/EW plant and the water 
impoundment will be protected from surface water run-on, as will be the surface facilities.  The well heads 
will be in lined containment areas, and the pipelines connecting the well heads to the surface facilities will be 
lined with impermeable high-density polyethylene (HDPE) material that is compatible with the ISCR 
solutions and is resistant to deterioration caused by high temperatures and direct sunlight.  Before lixiviant 
injection begins, earthen berms required to protect operating units from storm water run-on will be installed 
in accordance with the Storm Water Pollution Prevention Plan (SWPPP) prepared by Curis Arizona.  Berms 
protecting the wells in the well field will be maintained until the wells have been closed in accordance with the 
permit. 

The lined well head sumps will be bermed to prevent storm water run-on from entering the lined 
containment sump.  Piping connecting the wells to the pipeline corridor will be placed on liners connecting 
individual well head sumps with the liners forming the pipeline corridor.  Liquids collected in well head 
sumps will be removed by a pump truck or other appropriate means and transported to the beneficiation 
facility.  Any overflow of the containment sump will flow onto the liner system described above and then 
removed from containment sumps serving the pipeline corridor.  

The pipeline corridor will have a 60-mil HDPE primary liner placed on subgrade compacted to no less than 
95 percent dry density (standard Proctor, American Society for Testing and Materials [ASTM] D-698).  A 
60-mil HDPE secondary wear sheet will be placed over the primary liner under the pipelines in the center of 
the channel to protect the primary liner from abrasion due to pipeline movement or maintenance traffic.  
Lined spill collection sumps will be located at low points along the line not to exceed 500 feet apart.  The 
combined volume of the containment channel and the collection sumps is designed to contain 100 percent of 
the line capacity, including the shut-down volume.  The shut-down volume is the volume that will continue to 
flow from the time the automatic shut-off device turns off the feed pumps until the pipeline is empty.  The 
containment volume is also able to contain direct precipitation from the 100-year, 24-hour storm event.  The 
collection sumps will be fitted with sump pumps or evacuated with a pump truck.   

HDPE pipe will be used to connect wells to manifolds (also referred to as headers).  Injection wells will be 
connected to the lixiviant header; recovery wells will be connected to the PLS header.  Pipelines connecting 
the wells and the beneficiation area will be equipped with flow monitoring devices that will report to the 
control room.  If a monitoring device senses a drop in flow rate signifying a line failure, the pump(s) serving 
that line will automatically shut down.  

Tanks may be located in the well field and along the pipeline corridor to serve as surge tanks.  Tanks in the 
well field may also be used for the distribution of lixiviant to injection wells and for the collection of PLS 
from recovery wells.  The tanks will be lined and bermed to protect against storm water run-on.  They are 
designed to be no-discharge facilities qualifying for exemption under A.R.S. §§ 49-250.B.21 and 22.   

The tanks will be fitted with level indicators and high-level alarms.  Level indicator and alarm signals will be 
routed to the control room.  If a line fails signified by a rapid change in level or a tank high-level alarm is 
actuated, the respective feed pumps will shut down automatically.  Any spilled solution will be captured in a 
lined collection sump able to contain 110 percent of the volume of the largest tank.  The collection sump also 
will be sized to capture storm water from the 100-year, 24-hour storm event.  The solutions and storm water 
will be pumped back into the circuit for reuse.   
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In addition to the tanks described above, PLS and raffinate tanks will be located in the runoff pond serving 
the beneficiation area, an acid storage tank will be located in the beneficiation area, and tanks will be located 
in the SX/EW plant.  All of the tanks will be designed to meet the exemption described above.  Safety 
showers and eyewash stations will be located at the acid storage tank location and at other appropriate 
stations.  Sulfuric acid will be received by truck from off-site sources.  The trucks will be weighed in at a truck 
scale and unloaded into the sulfuric acid storage tank.  Run-off from the truck unloading station, spills, and 
direct precipitation will be captured in a lined sump and discharged to the runoff pond or pumped into one 
of the raffinate tanks located in the runoff pond.  

9.3.2 ISCR – SX/EW Circuit 

The ISCR – SX/EW circuit will recover copper from the PLS produced in the PTF well field.  The circuit 
includes all beneficiation facility components between solution recovery and re-injection.   

The PLS will be piped via the PLS tank to the SX/EW plant.  The nominal flow from the PLS tank to the 
SX/EW plant will be 240 gpm.  Beneficiation in the plant will be in two stages:  1) using a sequence of 
organic and aqueous solutions to extract and concentrate copper ions into a concentrated electrolyte, and 
2) depositing elemental copper from the electrolyte on cathode plates using an electrolytic procedure.   

After copper is removed from the PLS in the first stage, the resulting barren solution (raffinate) is fed to a 
raffinate tank.  A pipeline will connect the SX/EW plant and raffinate tank to the neutralization circuit for 
placement in the water impoundment to provide raffinate flows (bleed) as necessary to maintain chemical and 
hydraulic balance within the ISCR – SX/EW circuit.  The remaining raffinate will be re-acidified as necessary 
and conveyed back to the well field as lixiviant for injection.  The raffinate discharged to the impoundment or 
used as lixiviant will be treated to maintain the concentration of residual organic compounds in accordance 
with permit requirements.  The SX/EW plant and its associated equipment, storage tanks, and tank farms will 
be a no-discharge facility qualifying for exemptions under A.R.S. §§ 49-250.B.21 and 22.  The plant area will 
be protected from storm water run-on.  Equipment and above-ground storage tanks (ASTs) within the plant 
area will be placed on concrete or similar impermeable base material.  Floor sumps will be open with visible 
drains into sumps equipped with sump pumps.  All piping, tanks, settlers, cells, and any solution-containing 
equipment will be constructed so that it can be visually inspected for leaks.   

Direct precipitation from storm events and any spills occurring in the plant area will be directed to the runoff 
pond shown in the M3 Drawings 000-CI-0008 and 000-CI-010 (Exhibit 9C).  The plant runoff pond will be 
constructed with a single HDPE liner.  The pond will be maintained empty during normal operation.  
Solutions collected in the plant runoff pond will either be pumped back into their respective circuits or 
pumped to the water impoundment.  A back-up diesel generator will be installed to allow for operation of the 
plant runoff pond pumps during power outages. 

Make-up water and water used for showers, hygiene, and fire protection will be stored in and pumped from 
tanks.   

Sulfuric acid used in the SX/EW plant or for preparation of lixiviant will be pumped to the electrowinning 
plant via above-ground lines.  All acid lines and tanks will be in a spill-control basin capable of containing 
110 percent of the volume of the tanks and lines, and direct precipitation from the 100-year, 24-hour storm 
event. 

Reagents used for solvent extraction will be delivered by commercial carriers.  The delivered chemicals will 
include, but not be limited to diluent, extractant, cobalt sulfate, and fluorocarbon mist suppressant.  These 
reagents will be stored in the SX/EW plant, the receiving area, or in tanks located on liners that are equipped 
to collect spillage so that it may be properly managed in the runoff pond or in other appropriate locations.  
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9.3.3 Neutralization Circuit 

Lime will be used to neutralize raffinate, spillage, and other acidic materials that are placed in the water 
impoundment described above.  Lime treatment is located within the plant area.  The neutralization circuit 
will be designed as a no-discharge facility qualifying for exemptions under A.R.S. §§ 49-250.B.21 and 22.  The 
neutralization circuit will be protected from storm water run-on.  Equipment and tanks within the treatment 
plant area will be placed on concrete or similar impermeable base material.  Floor sumps will be open with 
visible drains into sumps equipped with sump pumps.  All piping, tanks, settlers, cells, and any solution-
containing equipment will be constructed to maximize visual inspection.  Spills occurring in the lime 
treatment area and direct precipitation from storm events will flow into the runoff pond and will then be 
pumped into the water impoundment.     

9.3.4 Impoundments  

9.3.4.1 Runoff Pond 

The purpose of the runoff pond is described above.  As shown on M3 Drawing 000-CI-008, the runoff pond 
will be located immediately to the west of the SX/EW plant.  As described in the Runoff Pond Design 
Report (Exhibit 9C), the runoff pond will have a total capacity of 9,668 cubic feet, which includes the volume 
required for a 2-foot freeboard and the volume equivalent to 100-year, 24-hour storm event (4 inches of rain 
with 100 percent runoff over the designed capture area).  The volume for the design storm event exceeds 
110 percent capacity of the largest tank in the capture area.  

The runoff pond will be single-lined with an ultraviolet (UV) resistant, 80-mil HDPE geomembrane liner.  
The bottom of the runoff pond will slope to a sump, which will be equipped with a liquid level indicator and 
pump with standby generator.  The liquid level indicator will cause an alarm in the control room which will 
prompt an investigation to determine the source of the liquid.  Depending on the source and volume of the 
liquid, liquid in the runoff pond/sump will be promptly transferred to the raffinate tanks, the PLS tanks, or to 
the water impoundment via pumps and pipelines, thereby keeping the runoff pond empty to the extent 
possible with liquid level in the sump below the pump-down level.  The slope of the internal and external 
runoff pond walls will be 2.5H:1V, typical, 2H:1V maximum. 

9.3.4.2 Water Impoundment 

The water impoundment will be used to facilitate evaporation of neutralized solutions and to contain the 
resulting sediment.  As shown in Figure 8-1, the impoundment will be located north of the SX/EW plant.   

As shown in Knight Piésold Drawing Drawing D1110, the water impoundments will have berms with slopes 
of 2.5H:1V.  As shown in Exhibit 9C, the impoundment will have a volume of 1.7 million cubic feet and will 
be equipped with two geomembrane liners, a leachate collection and removal system (LCRS), and mechanical 
evaporation units.  The LCRS will be equipped with a pump and conductivity meter which will send an alarm 
to the control room when liquid accumulates in the sump.  A water balance and a detailed description of the 
water impoundment are provided in the design report included in Exhibit 9B. 

Table 9A-1 includes a summary of the PTF operation plan.  That table, the inspection schedules provided in 
Table 15-5 (Attachment 15), and the contingency plan included in Attachment 13 describe actions that will be 
taken to prevent discharges from the water impoundment and the runoff pond.  

9.4 Surface Water Management  

The PTF is located north of the Federal Emergency Management Agency (FEMA) 100-year floodplain of the 
Gila River.  Surface water will be managed to divert storm water run-on originating from outside the PTF 
components and to contain and prevent the discharge of ISCR solutions and storm water originating from 
PTF components.  The design and location of PTF facilities were partially based on these constraints.   
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Consistent with the SWPPP (October 5, 2010) described above, earthen berms will be installed to protect 
facilities from storm water run-on.  Protected facilities will include the PTF, the well field, the pipeline 
corridor, the water impoundment, and the plant area including the runoff pond.  Berms to prevent run-on 
will be composed of compacted soil.  Run-on will be diverted to ground outside of bermed PTF facilities and 
operational areas. 

Storm water captured inside facility containment areas (e.g., tank farms, lined channels, SX/EW plant area) 
will be diverted to sumps.  Containment sumps will be designed with capacities equal to 110 percent of the 
largest tank in a tank farm or 100 percent of pipeline capacity (including shut-down volume) in a containment 
channel, and the volume of precipitation from a 100-year, 24-hour storm event that falls within the 
containment areas.  The SX/EW runoff pond, the PLS and raffinate tank, and the water impoundment also 
will be designed to accommodate precipitation from a 100-year, 24-hour storm event.  The SWPPP will be 
updated as construction of the PTF proceeds. 

9.4.1 Discharge Control Technologies  

The water impoundment and the runoff pond have been designed to meet prescriptive BADCT, and the 
injection and recovery wells are designed to meet individual BADCT including strict UIC requirements.  
Exhibits 9A, 9B, and 9C include detailed designs of control technologies for injection and recovery wells, the 
pipeline corridor, the runoff pond, and the water impoundment.  The following is an overview of controls in 
addition to those described in the exhibits. 

9.4.1.1 Containment  

All PTF components have been designed with containment systems.  Containment sumps are located in the 
well field, along the pipeline corridor, in the plant area, and in the SX/EW plant.  Contained liquids will be 
transferred by truck, pipelines, or gravity flow on liners to the runoff pond or other appropriate locations.  

9.4.1.2 Sensing Systems 

All major pipelines and tanks will be equipped with flow monitoring devices and/or high-level alarms to 
detect line breaks, spills, or tank overfilling.  The water impoundment and runoff pond will be equipped with 
high-level alarms to detect if freeboard drops to the design limit.  All sensors and alarms will be connected to 
the control room. 

9.4.1.3 Floor Sumps 

All floor sumps will be designed to allow for visual inspection, and liquids contained in the sumps will be 
promptly pumped out of the sump and placed back into PLS, raffinate, or water impoundment as 
appropriate. 

9.4.1.4 Chemical Storage 

All chemicals except packaged dry chemicals and chemicals stored in their shipping containers will be stored 
in tanks within designated containment areas.  Packaged dry chemicals and other materials such as clay, 
drilling mud, sand, or concrete will be stored in a warehouse. 

9.4.1.5 Fuel Storage and Delivery 

No fuel storage tanks, other than integral tanks associated with standby generators, will be located on the 
PTF site.  Check valves or back-flow preventers will prevent back-flows that may result in spills.  Camlock 
valves will be used in the hook-up to the delivery trucks to prevent spills.  Buckets will be provided under the 
fill fittings. 
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9.5 Geotechnical Considerations 

Geotechnical investigations of the PTF were conducted by Terracon Consultants Western, Inc. (Terracon) 
and Knight Piésold.  In the investigations, Terracon determined that plant and impoundment areas can be 
located on relatively flat ground away from any areas prone to landslides, subsidence, instability, or other 
known geologic hazards. 

9.5.1 Bearing Capacity of Local Soils 

Terracon measured the bearing capacity of local soils.  Knight Piésold used those data in locating and 
designing the PTF water impoundment and runoff pond.  Similarly, the detailed design of the plant, tank 
farm, and other load-bearing items will be based on the certified reports of soils engineers.  The soil bearing 
capacity will not be exceeded during construction and operation.  Terracon recommends over-excavation and 
compaction in their soils reports, and that will be done for those areas recommended. 

9.5.2 Potential for Settlement or Expansion 

The potential for settlement due to subsidence was considered for the 1996 Application.  The U.S. Bureau of 
Mines had evaluated the potential of subsidence at the Santa Cruz Joint Venture Site in Casa Grande, Arizona 
(OFR 51-94, Ahlness and Triplett).  This study relied on data from laboratory studies on ore from the Santa 
Cruz ore body.  These data were used in estimating the potential subsidence at the PTF.  Using this method, 
the potential subsidence resulting from commercial scale development of the full site is estimated to be less 
than 0.3 feet.  The proposed PTF operations are much smaller in scale than the full development commercial 
scale scenario.  Consequently no subsidence is anticipated from proposed PTF operations.  The applicability 
of Ahlness and Triplett method to the proposed PTF is discussed in Attachment 14C.  

The underground workings constructed in the vicinity of the PTF site by Conoco include a network of 
tunnels located approximately 700 feet below ground surface.  The tunnels measure roughly 9 feet wide and 
9 feet tall and are supported by timber shoring.  The Conoco underground workings represent very little risk 
of subsidence at ground surface. 

9.5.3 Compatibility of Soils with Concrete 

Soil samples have been collected and analyzed and found to be non-reactive to concrete in the area of the 
plant, spill control sumps, and runoff areas.  Concrete used in constructing in-situ wells will be exposed to 
corrosive conditions, and as such, must be made with Type V cement or equivalent.   

9.5.4 Seismic Design Considerations 

The proposed PTF is located in an area designated as United Building Code (UBC) Zone 2B.  UBC Zone 2 B 
conditions will be incorporated into all detailed engineering designs where applicable. 

9.5.5 Risk of Earth Fissuring and Regional Subsidence 

PTF well field groundwater extraction will be of a relatively minor magnitude compared to local agricultural 
groundwater use in the vicinity of the PTF site.  No fissuring or subsidence has been observed in the vicinity 
of the site in response to the aggressive agricultural groundwater pumping that has occurred there historically.  
Neither fissuring nor subsidence is expected to develop in response to the relatively minor groundwater 
extraction associated with the proposed ISCR operations.  The most recent available Pinal County fissure 
map developed by the Arizona Geological Survey in is included in Attachment 14C.  The nearest earth 
fissures to the PTF are more than 7 miles to the south, on the opposite side of the Gila River. 



CURIS RESOURCES (ARIZONA) INC.  
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT  

ATTACHMENT 9 – DESIGN DOCUMENTS (ITEM 25.C) 
 

10  

9.5.6 Construction Specifications and Quality Assurance during Construction 

The detailed specifications for constructing the PTF well field, plant, water impoundment, runoff pond, tank 
farms, and other PTF facilities are not yet available, but will be submitted with final “approved for 
construction” drawings prior to construction.  Knight Piésold (Exhibit 9B) has issued a technical specification 
that outlines the requirements and procedures necessary to complete the installation of HDPE 
geomembranes and geonet for the water impoundment and plant runoff pond.   

9.5.6.1 Earthwork Compaction and Grading Requirements 

Earthwork and compaction criteria are specified on the Knight Piésold Pond Drawings in Exhibit 9B.  All 
compaction will be completed to a minimum 95 percent dry density, standard Proctor as specified by 
ASTM D-698. 

9.5.6.2 Liner Inspection and Testing during Construction 

The technical specifications for supplying and installing geosynthetics, including quality control and quality 
assurance during construction, are presented in Exhibit 9B.   

9.5.7 Operational Environmental Control Procedures 

Curis Arizona has updated the Operations Plan that is currently appended to the UIC Permit as Appendix D 
for use in conjunction with the PTF.  The plan incorporates the monitoring, reporting, and contingency plan 
requirements specified in the APP (No. 101704) and the UIC Permit (No. AZ396000001), and is provided 
with this attachment as Table 9A-1.   
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Location Name Elevation (Feet) Depth (Feet) Type Easting Northing
133S 1475.5 2217 Exploration Core Hole 847479.9895 746444.8163
135MF 1472.2 2095.5 Exploration Core Hole 847502.6923 745598.3783
145MF 1473 2170 Exploration Core Hole 847981.8852 745570.0709
149S 1477.3 2142.5 Exploration Core Hole 847985.9324 746428.5092
28S 1475.2 2227 Exploration Core Hole 848220.5673 746014.3235
356S 1478 2094 Exploration Core Hole 847860.4898 746648.2579
357S 1476.85 2280 Exploration Core Hole 847735.4921 746431.7566
366S 1476.4 425 Exploration Core Hole 847860.4974 746215.2575
414S 1477.5 2267 Exploration Core Hole 848235.4974 746431.7618
447S 1476.9 593 Exploration Core Hole 847572.0492 746646.8176
448S 1477.08 750 Exploration Core Hole 847365.1096 746642.8776
453S 1475.47 870 Exploration Core Hole 847240.1122 746426.8763
454S 1475.2 403 Exploration Core Hole 847574.0571 746216.8169
455S 1473.55 553 Exploration Core Hole 847365.1175 746210.3773
456S 1473.21 825 Exploration Core Hole 847115.1148 746210.3747
459S 1474.03 483 Exploration Core Hole 847490.1224 745993.8786
460MF 1472.44 474 Exploration Core Hole 847860.5059 745737.9446
461MF 1472.07 385 Exploration Core Hole 847566.1903 745737.9416
462MF 1471.52 494 Exploration Core Hole 847360.4383 745737.9393
463MF 1471.55 720 Exploration Core Hole 847157.0591 745851.8123
465MF 1471.86 350 Exploration Core Hole 847740.1329 745560.8806
94S 1475 2040 Exploration Core Hole 847736.125 745999.5686
95S 1472.7 1842 Exploration Core Hole 847236.1198 745999.1883
MCC544 1473.7 1320.5 Exploration Core Hole 847485.3097 746002.8159
B-5 1478 31.5 Geophysical Boring 848238.0643 746193.8241
B-6 1476 23.5 Geophysical Boring 848206.2792 745908.8835
OB3-1 1475.78 800 Monitoring Well 847679.2174 746250.8381
OB4-1 1471.78 800 Monitoring Well 847572.0773 745631.1264
PW3-1 1475.5 800 Test Well 847662.6065 746297.518
PW4-1 1471.8 800 Test Well 847558.7182 745577.6161
WW3 1470 938 Irrigation Well 847774.1494 745638.1085

Table 9-1.  Coreholes to be Abandoned Within 500 feet of the PTF Well Field
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9A.1 PTF Well Field 

This document includes information regarding the design and operation of injection and recovery wells and 
related surface facilities that are proposed to be installed and operated as the Production Test Facility (PTF or 
site).  The well field is located within a 160-acre portion of the area leased from the State of Arizona under 
Mineral Lease No. 11-26500.  The proposed PTF well field and the Arizona State Land mineral lease 
boundaries are shown on Figure 8-1. 

9A.2 Hydrogeologic Setting  

9A.2.1 Basin-Fill Deposits  

Attachment 14A provides detailed information regarding the hydrogeologic setting in which the PTF well 
field is located.  As described in Attachment 14A, three distinct alluvial basin fill deposits underlie the PTF 
site: the Upper basin Fill Unit (UBFU); the Middle Fine Grained Unit (MFGU); and the Lower Basin Fill 
Unit (LBFU).  Figures 14A-8 and 14A-9 in Attachment 14A show the basin fill units and the underlying 
bedrock in a generalized geologic cross section running from west to east and south to north, respectively, 
through the PTF site. 

The approximate thicknesses of the basin fill units in the vicinity of the PTF site are 200 to 240 feet for the 
UBFU, 20 to 30 feet for the MFGU, and 70 to more than 750 feet for the LBFU.  Hydraulic conductivities of 
20 to 130 feet per day were reported for the UBFU, and approximately 70 feet per day for the LBFU.  
Laboratory tests indicated a much lower hydraulic conductivity for the MFGU (5.1 x 10-9 centimeters per 
second). 

9A.2.2 Oxide Bedrock Zone  

Based on the copper mineral assemblage in the bedrock, the bedrock is divided into an upper oxide zone and 
a lower sulfide zone.  The approximate thickness of the oxide bedrock zone beneath the PTF and 
surrounding vicinity is 200 to more than 1,500 feet.  Hydraulic conductivity ranges from 0.1 to 2.5 feet per 
day. 

9A.2.3 Sulfide Bedrock Zone 

The sulfide bedrock zone which underlies the oxide is significantly less permeable than the oxide bedrock 
zone (approximate hydraulic conductivity ranges from 0.0055 to 0.05 feet per day).  The very low 
permeability sulfide zone is effectively impermeable to groundwater flow and constitutes hydrogeologic 
bedrock.  

9A.3 Proposed PTF Wells 

9A.3.1 Well Design  

Well design details are shown on Drawings 9A-1 and 9A-2.  Observation well and Westbay well designs are 
shown on Figures 9A-3 and 9A-4, respectively. 

9A.3.1.1 Well Casing 

The surface casing will be low carbon steel manufactured in accordance with American Society for Testing 
and Materials (ASTM) Specification 153-89A (1989) Grade A (or better) steel.  The surface casing will extend 
from ground surface to a depth of 20 feet, and will be of a diameter sufficient to allow a minimum 2 ½-inch 
annulus between the casing and the formation. 
  



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT  

EXHIBIT 9A – DESIGN DOCUMENTS PERTAINING TO PTF WELL FIELD 

 

 

4  

An outer casing will be installed that extends from ground surface to a point approximately 20 feet above the 
top of the Bedrock Oxide Unit with ASTM Specification 153-89A Grade A or better steel.  A 60-foot length 
of Schedule 80 polyvinyl chloride (PVC) will be attached to the lower end of the steel surface casing to extend 
the outer casing a distance of 40 feet below the top of the Bedrock Oxide Unit.  The injection and recovery 
wells will be constructed within this outer casing.  The outer casing will be of a diameter sufficient to allow a 
minimum 2 ½-inch annulus between the outer casing and the surface casing and the formation.   

The primary injection and recovery well casing will be installed inside of the outer casing.  Because of the 
chemical environment in which the casing will be installed, fiberglass reinforced plastic (FRP), PVC, or other 
acid resistant threaded casing will be used to complete the injection/recovery wells.  These casing materials 
will provide chemical resistance for the planned sulfuric leach solutions.  Well screen made of PVC or other 
suitable material will be used in the lower portion of each injection/recovery well as necessary to keep the 
hole open and to provide the operational flexibility to isolate segments of the broader injection zone. 

9A.3.1.2 Casing Centralizers 

Casing centralizers will be installed on the well casing every 40 feet along the entire well casing string.  The 
casing centralizers will be made of stainless steel and will be suitable for contact with the forecast injectate 
solution. 

9A.3.1.3 Screened Interval 

The screened interval will vary in length at each well and may include one or more screened segments within 
the broader injection interval based on the characteristics of the formation.  No screened interval will be 
installed higher than 40 feet below the LBFU/oxide bedrock contact.   

9A.3.1.4 Annular Seal 

The annular seal will be installed from 40 feet below the LBFU/oxide bedrock contact to the surface.  The 
annular seal material will be Type V cement, or equivalent, and will be installed either by the tremie method 
or by the displacement method. 

9A.3.2 Well Construction 

The well schematic shown in Drawing 9A-1 reflects the well construction procedures described below.  Well 
construction descriptions include details of drilling, open-hole geophysics, casing, cementing, and cased-hole 
geophysics. 

9A.3.2.1 Borehole Drilling 

Borehole drilling consists of drilling a relatively large diameter borehole to accommodate installation of 
surface casing, then drilling a narrower borehole from the bottom of the surface casing to the total depth for 
geophysical logging and installation of the well.  The surface casing boring will be drilled by the rotary 
method, and will be of a diameter of sufficient size to allow installation of the surface casing and annular seal.  
The surface casing will be installed with the top of the surface casing above ground surface to accommodate 
the mud-rotary drilling equipment.  Cement grout will be installed in the annulus by the tremie or 
displacement method from the total depth of the surface casing borehole to ground surface. 

The borehole in which the well will be constructed will be drilled from the bottom of the surface casing 
borehole to approximately 10 feet below the bottom of the oxide ore zone using the direct mud rotary, 
reverse circulation mud rotary or a casing advance drilling method as conditions require.  The well boring will 
be of a diameter of sufficient size to allow installation of the well casing and annular materials. 
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9A.3.2.2 Open-Hole Geophysics 

Limited open-hole geophysical logging may include relatively common tools such as caliper, gamma-ray, 
temperature, directional survey, and electrical logs but may be expanded to include other surveys as necessary.   

9A.3.2.3 Well Casing 

Casing materials for injection and production wells will be designed to resist corrosion, not fail in tension, and 
not collapse or burst.  Proposed casing materials are shown in Drawing 9A-1.   

During the installation of the well casing and screen, the boring will be kept full of drilling fluid and free of 
any obstructions detrimental to completing casing installation.  The well casing and screen will be set centered 
in the hole so as not to interfere in any way with the complete well installation.   

Casing centralizers will be secured to the well casing and screen at the intervals shown in Drawing 9A-1.  The 
casing and screen will be hung in suspension until the filter pack and cement grout seal have been installed. 

The casing installation process may include simultaneous installation of a tremie pipe, which will be removed 
from the well following completion of well construction and cementing operations.  The tremie pipe will be 
used to install filter pack sand adjacent to the screened sections, and coated bentonite clay pellets adjacent to 
the blank casing intervals, to form hydraulic seals within the annular space between the blank casing intervals 
and borehole.   

9A.3.2.4 Filter Pack and Intermediate Seal Installation 

Filter pack sand will be placed to completely fill the annulus in the specified interval.  During the time of 
placement, fluid circulation will be maintained through a swab block located approximately 40 feet below the 
fill depth of the filter pack sand.  The swab block will be periodically reciprocated to remove fine-grained 
material, prevent bridging, and aid in settling the filter pack in the borehole.  Drilling fluid will be maintained 
throughout the full depth of the well to land surface, and the well casing and screen will be maintained in 
tension until the filter material placement has been completed to the specified level. 

Filter pack will be installed by use of a tremie pipe.  At no time will the bottom of the tremie pipe be located 
at a distance of greater than 40 feet above the interval being filled during filter pack placement.  The tremie 
pipe will be moved upward during installation of these sand and bentonite intervals, until the top bentonite 
seal is installed above the uppermost well screen interval.  The same tremie pipe will then be used for 
cementing of the upper FRP casing. 

The level of the filter pack will be measured periodically during placement with a wireline sounder.  
Placement of the filter pack will be continuous, except when additional precautions are necessary to prevent 
bridging, or measurements of the filter pack level are being conducted.  The quantity of filter pack material 
placed in the annulus will not be less than that of the computed volume. 

As required by formation conditions, Curis Arizona may choose to install intermediate bentonite seals at 
selected intervals within the filter pack.  Bentonite seals will be installed using the same tremie pipe used for 
filter pack emplacement. 

9A.3.2.5 Cementing 

Once the well casing, screen and filter pack have been installed, cementing of the upper portion of the well 
casing, from the bottom of the bedrock exclusion zone to ground surface will be accomplished by pumping a 
cement slurry down a tremie pipe positioned with the pipe’s lower end near the bottom of the exclusion 
zone, forcing the cement to fill the annular space between the borehole and casing from the bottom up to the 
surface.  
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Cement grout will be placed to completely fill the well annulus within the specified interval.  Prior to 
pumping, the cement grout will be passed through a ½-inch slotted bar strainer in order to remove any 
unmixed lumps.  During the cement grout installation, the discharge end of the tremie pipe will be 
continuously submerged in the grout until the zone to be grouted is completely filled. 

The well casing will be hung in tension until the cement grout has cured.  The well casing will be filled with a 
fluid of sufficient density to maintain an equalization of pressures to prevent collapse of the well casing 
during cementing.   

Cement will consist of sulfate-resistant Portland Type V cement, unless Curis Arizona submits the following 
information to the Director regarding a Type V substitute.  A suitable Type V substitute will meet the 
following requirements: 

1. The results of an immersion test for resistance to pregnant leach solution or equivalent mass samples 
of Type V cement and any proposed substitute; 

2. A comparison of the percentage weight change between samples; 
3. An acceptable substitute will experience little visual change, a weight loss or gain within 5% to 8%, 

and no significant change in compressive strength; and 
4. Upon completion of this demonstration, a substitute cement that meets these criteria may be 

substituted for Type V cement for well construction. 

Water and/or appropriate mud-breaker chemicals will be circulated through the tremie pipe prior to 
cementing, to reduce drilling mud viscosity and assist in removal of mud from the borehole-casing annulus.  
The cement slurry will be pumped at the greatest flow rate possible, to promote removal of bentonite mud 
from the annular space, and enhance bonding between the cement and the casing and formation.  An excess 
quantity of cement will be pumped into the annular space, in order to verify “clean” cement slurry returns 
from the well prior to terminating the cementing procedure.  Following installation of the cement slurry, the 
tremie pipe will be removed from the well, and the cement allowed to cure for a minimum of 24 hours before 
performing additional operations on the well. 

9A.3.2.6 Cased-Hole Geophysics 

Cased-hole geophysical surveys may include methods such as downhole flowmeter surveys and differential 
temperature logs to define the variation in hydraulic conductivity, or flow profile, within the screened interval 
of the well.  Cement bond logs may be conducted on an experimental basis to determine if they produce 
useful information in the low-density FRP casing material.  Additional surveys may be conducted as required. 

9A.3.3 Well Inspection and Monitoring 

9A.3.3.1 Inspection 

Inspection of injection and recovery wells includes periodic visual inspection of well heads during pilot 
testing operations and mechanical integrity testing to ensure well casings maintain the necessary strength to 
continue pilot testing operations. 

Visual inspection of well heads will include examination of concrete surfaces, fittings, valves, and electronic 
equipment to identify signs of leakage or other defects.  

Mechanical integrity is defined as the ability of the well to withstand the design injection pressure.  Inspection 
of each well to determine if it meets mechanical integrity requirements includes an initial mechanical integrity 
test and subsequent tests conducted at five-year intervals.  However, it is anticipated that the PTF will be 
closed and that the associated injection and recovery wells will have been plugged in accordance with the 
plugging and abandonment plan prior to the five-year retest. 
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Pursuant to 40 CFR 144.51(q), Curis Arizona must establish and maintain mechanical integrity at each 
injection and recovery well prior to commencing injection in any well.  

The Underground Injection Control (UIC) Permit (No. AZ396000001) will detail a specific method for 
conducting a mechanical integrity test to verify that there are no significant leaks in a well casing, tubing or 
packer, in accordance with the requirements of 40 CFR 146.8(a)(1).  Curis Arizona operators will conduct the 
Part I mechanical integrity test in accordance with the provisions of the reissued UIC Permit. 

9A.3.3.2 Monitoring 

Curis Arizona will monitor injection pressures in each injection well by means of a pressure transducer 
installed at each well head.  The transducers will measure fluid pressure within the injection piping down 
gradient of all valving and pressure control equipment at each well.  Each of the transducers will report to a 
SCADA system that will include a PLC programmed to limit pressures at each well head to the maximum 
permitted pressure for the specific well.   

In the event that pressure in any well rises to the maximum allowable injection pressure for that well, the 
transducer signal to the PLC will trigger an alarm, alerting the operator that the well must be shut down and 
inspected to determine the cause of the elevated pressure. 

In the event that pressure in any well drops by more than 20 percent in a 24-hour period, the transducer 
signal to the PLC will trigger an alarm alerting the operator that the well should be shut down to determine 
the cause of the pressure decrease. 

9A.3.4 Well Heads, Manifolds and Controls 

9A.3.4.1 Containment 

PTF wells will be protected from storm water run-on by earthen berms.  All PTF wells will be equipped with 
wellhead piping (Drawing 9A-2) and a small containment sump.  Fluids will be conveyed to and from 
individual wells and manifolds (headers) in high-density polyethylene (HDPE) pipes to above-ground surface 
tanks located in the beneficiation area.  Within the PTF well field pipes will lie on the soil surface and will be 
inspected daily for leaks.  Pipelines conveying pregnant leach solution (PLS) and raffinate between the PTF 
well field and the beneficiation area will be composed of HDPE and will be placed in channels lined with 
HDPE and equipped with sumps.  (See Drawing 000-CI-009 of Exhibit 9B for design details of lined pipeline 
channels.)  The sumps will be sized to contain a 100-year, 24-hour storm event plus 100 percent of the line 
capacity, including shutdown volumes (flow that occurs between the time of the line failure and the time that 
flow stops as a result of automatic shutdown devices.  

9A.3.4.2 System Controls and Monitoring   

9A.3.4.2.1 System Controls and Internal Monitoring 

The injection and recovery systems will employ devices for metering flow and pressure, and for manually or 
automatically shutting down flow.  The metering devices, which will be monitored in the control room, will 
provide operators with the information necessary to maintain a net flow out of the PTF well field on a daily 
basis.  Valves and switches will provide for response to sudden or unanticipated conditions that require 
shutdown of portions of the injection or extraction systems.   

Contingency conditions and associated response actions for the injection and recovery systems are 
summarized in Table 9A-1.  
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9A.3.4.2.2 Injection System 

The injection system will carry the raffinate from the raffinate tank in the beneficiation area to the PTF well 
field where it will enter a manifold that will distribute the raffinate to the injection wells.   

Mechanical controls and monitoring devices incorporated into the injection system at each injection well and 
include: 

 a pressure gauge; 

 a flow meter at the injection manifold for measuring flow rates (gallons per minute); 

 a totalizing flow meter for measuring cumulative flow (gallons) into the injection manifold; 

 a flow switch at each injection well for indicating flow; and 

 a valve at each injection well for controlling flow. 

The pressure and flow monitoring devices will allow operators to regulate injection flow.  At least every 
24 hours, the totalized flows from of the injection manifold, including perimeter well flows, will be summed 
and compared to the summed totalized flows from of the recovery manifold, with the objective of verifying 
that total flows out of the recovery system exceed total flows into the injection system.  If total flows out do 
not exceed total flows in, then adjustments to increase recovery or decrease injection will be made to correct 
this condition. 

If an injection well will no longer take the solution being pumped into it, injection pressure drops 
significantly, it may be due to changes in the rock characteristics, clogging, or a break/failure of the well 
casing.  If a casing breach is believed to have occurred, then the operator will shut down that well by taking it 
out of service and inspecting it for cause.  If a well breach has occurred, then the well will either be taken out 
of service and closed permanently in compliance with the closure plan, or repaired. 

9A.3.4.2.3 Recovery System  

The recovery system comprises the individual wells, pumps, and headers at each recovery well and a recovery 
manifold.  Mechanical controls and monitoring devices incorporated into the recovery system include: 

 a continuous reading flow meter (gallons per minute) at the recovery manifold; 

 a totalizing flow meter (gallons) at the recovery manifold; 

 an isolation valve at each recovery well; 

 a flow switch at each recovery well; and 

 a pressure transducer within selected recovery wells. 

The flow meters on the recovery manifold will allow the operators to regulate flow as necessary to ensure that 
net flow out exceeds net flow in. 

Contingency conditions and associated response actions for the recovery system are summarized in 
Table 9A-1.  Rapidly changing conditions affecting the recovery well system such as a faulty pump, clogging, 
or recovery well failure will be addressed in one of two ways.  The primary safeguard will be mechanical.  
Fluid level measurements in the recovery well array will be maintained by use of a pressure transducer 
installed in selected wells, including recovery wells.  The pressure transducer will activate an alarm whenever 
the fluid level is too high or too low.  A low-level alarm will result in an automatic shutdown of the pump to 
prevent pump damage.  In the event of a recovery well problem in which the alarm is not triggered, operators 
would be made aware of the problem by lower-than-normal flow rates out of the well header.  The longest 
period of time in which such a condition could go unnoticed would be 24 hours. 

As mentioned above, in the event of a recovery well failure, injection will be stopped in the entire PTF well 
field.  Additionally, when the failed recovery well is back on line, it will be operated at a higher rate over a 
period of time without proportional injection to compensate for the period of time in which it was down.
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9A.3.4.2.4 Tank Farm 

The tank farm will include tanks fitted with a high-level alarm and level indicators.  Both alarm and level 
indicator signals will be routed to the control room.  An alarm will actuate if either a line fails or the tank high 
level is exceeded.  The feed pump to the tank will be disabled automatically.  Spilled solutions will be captured 
in the lined runoff pond able to contain 110 percent of the volume of the tank and line.  The spilled volume 
will be pumped back into the circuit for reuse.  

Solutions pumped between the PTF well field and the solvent extraction/electrowinning (SX/EW) plant will 
be metered for flow and pressure.  The electronic monitoring system will alarm if a pump fails, flow is 
interrupted, or when anomalous conditions are detected.  Loss of pressure or pressure exceeding a high 
setting will cause the pump to automatically shut down.  In the event of such an occurrence, the plant 
operator will inspect the system.  A third line is provided as backup in addition to the dedicated PLS or 
raffinate lines.  The broken line will be repaired within 72 hours and spilled solutions captured in the spill 
control sumps will be pumped back to the water impoundment. 

9A.4 External Monitoring 

External monitoring of the in-situ process around the perimeter of the PTF well field will be conducted as an 
additional means of verifying hydraulic control.  Hydraulic monitoring of the oxide zone around the 
perimeter of the PTF well field will be performed using at least four equally-spaced observation wells.  In 
general, these observation wells will be located using the same grid pattern established for the recovery wells 
and will be screened across approximately the same interval as the recovery wells and injection wells.  
Hydraulic monitoring will entail pairing the nearest recovery well with observation wells for groundwater level 
comparisons and for verifying that the gradient is inward.  An inward gradient exists when the water level in 
the observation well located on the outside of the injection and recovery well array is higher than in the paired 
recovery well.  Monitoring will be accomplished using pressure transducers placed in both the observation 
wells and recovery wells from which average daily measurements will be recorded.  If the average daily level in 
the perimeter or recovery well is determined to be higher than that of the observation well, the plant operator 
will increase recovery rates or decrease injection rates as necessary to rectify this condition.   

9A.5 Well Abandonment Plan 

Curis Arizona has proposed that all coreholes within 500 feet of any injection or recovery well be abandoned 
according to the Plugging and Abandonment Plan submitted with the UIC Permit application and included 
with this application as Exhibit 16A.  The Plugging and Abandonment Plan is applicable to all wells and 
coreholes within 500 feet of the PTF well field.  That includes injection and recovery wells that are to be 
abandoned after the water quality has been restored in the PTF well field following lixiviant injection.   

In the Plugging and Abandonment Plan, Curis Arizona proposes to cement the entire length of an open hole 
to prevent migration of in-situ formation fluids between underground sources of drinking water.  Curis 
Arizona has proposed cementing the entire length of the hole because it offers more protection of 
groundwater.  In addition, Curis Arizona has proposed that the abandonment requirement not apply to point 
of compliance wells.  The Plugging and Abandonment Plan is designed to meet the requirements of Arizona 
Administrative Code R12-15-816, and the requirements of 40 CFR § 146.10.   
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Component Monitoring Device  Condition Possible Cause* Response Follow-up Action

Injection Manifold and 
Pipeline

Pressure Gage or Transducer 
with upper and lower set points

Pressure exceeds upper setting Improper pump setting, clogged screens, reduced 
formation permeability, obstructed well or 
equipment

Alarm in control room,  stop flow at  injection 
manifold

Restart injection at lower flow rates

Pressure below lower setting Line break, casing or screen breach Alarm in control room, stop flow at injection 
manifold

Repair system before restarting flow to injection manifold

Flow Meter Flow rate too high Improper pump setting, line break, injection well 
short circuit

Alarm in control room, stop or reduce flow  at 
injection manifold

Inspect/repair injection system, increase flow rates in 
adjoining recovery monifolds as necessary

Flow rate too low Improper pump setting, clogged screens, reduced 
formation permeability, obstructed well or 
equipment

Alarm in control room, reduce flow rates in 
adjoining recovery manifolds

Inspect/repair system, adjust injection flow rate as necessary

Totalizing Flow Meter Total in > Total out Loss of hydraulic control Reduce injection flow rate or increase recovery 
flow rate

Follow contingeny plan and related reporting and record-
keeping requirements

Injection Well Head Flow Off Power loss, line break Reduce recovery rate in adjacent wells Repair system, adjust flow rates as necessary.
Flow rate too high Improper pump setting, injection well short circuit, 

damaged well casing or equipment
Reduce injection flow rate as necessary Inspect/repair injection system

Flow rate too low Improper pump setting, reduced formation 
permeability, obstructed well or equipment

Reduce flow rates in adjoining recovery manifolds Inspect/repair system, adjust injection flow rate as necessary

Recovery Manifold and 
Pipeline

Flow Meter Flow rate too high Improper pump setting Reduce recovery manifold flow rates as necessary Inspect/repair system, reduce recovery flow rate as necessary

Flow rate too low Improper pump setting, reduced formation 
permeability, obstructed well or equipment

Increase pump rate Inspect/repair system, reduce injection flow rate in adjacent 
manifolds as necessary

Totalizing Flow Meter Total in > Total out Loss of hydraulic control Reduce injection flow rate or increase recovery 
flow rate as necessary

Follow contingeny plan and related reporting and record-
keeping requirements

Recovery Well Flow Meter Flow Off Power loss Alarm in control room, stop injection in adjoining 
injection wells

Repair system before restarting injection

Pressure Transducer
(in selected wells only)

Fluid level too high Improper pump setting, short circuit in adjacent 
injection wells

Alarm in control room, adjust pump setting, 
inspect well, reduce injection in adjoining wells as 
necessary

Inspect/repair recovery well and adjacent injection wells as 
necessary

Fluid level too low Improper pump setting, clogged screen,  reduced 
formation permeability

Alarm in control room, automatic shut-off of pumpEvaluate formation, restart well at lower flow rate if necessary

Raffinate/Lixiviant Tanks Level Indicators Fluid level too high Flow too low to injection manifolds, or  insufficien
raffinate bleed to water impoundment if in 
production mode, or too much flow from PLS tanks
if in recirculation mode

Alarm in control room, automatic shut-off of 
pumps at raffinate tanks

Inspect/repair injection system, adjust pump settings at 
raffinate tank

Fluid level too low Flow too high to injection manifolds, or too much 
raffinate bleed to water impoundment if in 
production mode, or insufficient flow from PLS 
tanks if in reirculation mode.   

Alarm in control room, automatic shut-off of 
injection pumps

Inspect/repair injection/raffinate system, adjust pumps at 
raffinate tank

PLS Tanks  Level Indicators Fluid level too high Recovery rate too high, or flow to SX/EW too low 
if in production mode, or flow to raffinate tank too 
low if in  recirulation mode. 

Alarm in control room, automatic shut-off of 
recovery and injection wells

Inspect/repair injection system, adjust pumps to PLS pond 
and injection manifolds

Fluid level too low Recovery rate too low or flow to SX/EW too high i
in production mode, or flow to raffinate tank too 
high if in recirculation mode. 

Alarm in control room, automatic shut-off of  
injection wells

Inspect/repair injection/recovery system; inspect/repair lines 
to raffinate tanks 
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Component Monitoring Device  Condition Possible Cause* Response Follow-up Action

Table 9A-1.  Production Test Facility Operations Plan

Paired Recovery/Observation Wells

*Faulty monitoring devices will be evaluated as a possible cause of each listed condition.
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Assess liquid; return liquid to plant or water impoundment; 
evaluate and repair pipeline if needed.

Alarm in control room.  If not raining, arm 
immediate shut-off of associated pumps.

Leak in upper (primary) liner. Measure and record volume of liquid removed 
from LCRS sump, determine if ALR or RLL is 
exceeded.

If ALR or RLL is exceeded, follow contingency plan and 
related reporting and record-keeping requirements.
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Liquid accumulating in sumpLiquid Level IndicatorSump

Presence of liquid in sump 
above pump-down level.

Precipitation, leak, spill, washdown
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CURIS RESOURCES INC. 
PRODUCTION TEST FACILITY 

 
PTF PROCESS SOLUTION IMPOUNDMENT 

DESIGN REPORT 
(REF. NO. VA101-448/4-1) 

 
SECTION 1.0 - INTRODUCTION 

1.1 GENERAL 

The Production Test Facility (PTF) is a proposed pilot test project located in Pinal County, Arizona, 
approximately 50 miles southeast of Phoenix and 2.5 miles northwest of the center of the town of 
Florence.  
 
Curis Resource (Arizona) Inc. (Curis) has retained Knight Piésold Ltd. (KP) to provide a feasibility level 
design of the impoundments required for water management during the PTF. 
 
A Process Solution Impoundment for treated effluent and sediment management is proposed for the PTF.  
This impoundment is classified as a Process Solution Pond under the Best Available Demonstrated Control 
Technology (BADCT) guidance manual (Publication #TB 04-01), entitled "Arizona Mining Guidance Manual 
BADCT".   
 
This report summarizes the feasibility design, construction and operational aspects of the PTF impoundment.  
A general arrangement showing the location of the PTF Process Solution Impoundment is shown on 
Drawing D1010. 
 
1.2 DESIGN BASIS 

The following inputs and assumptions were made to estimate the required capacity of the PTF Process 
Solution Impoundment: 
 
1.2.1 Production Test Facility Operation 

It was assumed that the PTF will operate for 23 months; this period will be broken down into two 
phases: a leaching phase and a rinsing phase.  The leaching phase will be 14 months long during 
which 61.5 gpm of excess solution from the process (raffinate bleed) will be directed towards a 
Neutralization Plant, designed by others, for treatment prior to disposal in the PTF Process 
Solution Impoundment.  The rinsing phase will be 9 months long during which 250 gpm of rinse 
solution will be directed towards the Neutralization Plant, and subsequently to the PTF Process 
Solution Impoundment.  Flow diagrams for both phases are shown on Figures 1.1 and 1.2. 
 

1.2.2 Sediment Output from Neutralization Plant 

Flows from the pilot In-Situ Copper Recovery (ISCR) process will be directed to the Neutralization 
Plant; the treated effluent and resulting solid precipitate (sediment) will report to the PTF Process 
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Solution Impoundment.  The actual makeup of the solutions that will be generated during the PTF 
is relatively unknown; therefore, reasonably conservative assumptions have been made to 
provide a basis for the design.  The assumed sediment production rate during the leaching phase 
is 258 ft3/day.  The sulphate concentration in the rinse solution from the pilot ISCR process is 
assumed to decrease constantly throughout the rinsing phase until background targets are met.  
The rate of decrease in sulphate concentration was assumed to be constant (i.e. linear decline) 
with a corresponding average solids generation rate of 129 ft3/day at the nominal flow rate of 
250 gpm. 
 

1.2.3 Sediment Properties 

The sediment in the PTF Process Solution Impoundment is estimated to reach a settled dry 
density of approximately 35 lb/ft3.   

 
1.3 DESCRIPTION OF THE FACILITY 

The PTF will include the installation of a 24-well test facility, the construction and operation of a small 
temporary Solvent Extraction/Electrowinning (SX/EW) plant, a Neutralization Plant and a Process 
Solution Impoundment located on state land.  The location of the proposed PTF Process Solution 
Impoundment is shown on Drawing D1010. 
 
The PTF is expected to produce a surplus of water and process solution of up to 61.5 gpm during the 
leaching phase and up to 250 gpm during the rinsing phase; this excess flow will be treated at the 
Neutralization Plant.  The resulting sediment and treated effluent will be managed in the PTF Process 
Solution Impoundment.  The excess treated effluent within the PTF Process Solution Impoundment will 
be evaporated using enhanced (mechanical) evaporation units to supplement the static (lake) evaporation 
from the water surface. 
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SECTION 2.0 - PTF PROCESS SOLUTION IMPOUNDMENT WATER BALANCE 

2.1 GENERAL 

The PTF Process Solution Impoundment will be required to manage excess water, solutions and the 
sediments formed in the Neutralization Plant designed by others.   
 
2.2 INPUTS AND ASSUMPTIONS 

2.2.1 Inputs from the Neutralization Plant to the PTF Process Solution Impoundment 

Inputs to the PTF Process Solution Impoundment are discussed in Section 1.2.  
 
2.2.2 Plant Runoff Pond Inputs 

All runoff from the SX/EW plant site area will be collected in the Plant Runoff Pond; it is assumed that any 
water in the Plant Runoff Pond will be promptly removed to the PTF Process Solution Impoundment.  
Therefore, the maximum volume of the Plant Runoff Pond has been accounted for as a storage 
requirement in the PTF Process Solution Impoundment. 
 
2.2.3 Climate 

Regional climate data were obtained from the Western Regional Climate Centre website 
(www.wrcc.dri.edu).  Average monthly precipitation and evaporation values were compiled for the 
Florence and Mesa climate stations, respectively.  A coefficient of 0.7 was applied to the pan evaporation 
values to estimate corrected lake evaporation. 
 
The average annual precipitation is estimated to be 10.6 inches, with the wettest months being December 
to March (winter) and July and August (summer).  The summer wet season is largely due to monsoon rain 
events.  The average annual corrected lake evaporation is estimated to be 66.1 inches, with the highest 
evaporation rates occurring during the summer months. 
 
The 100-year, 24-hour storm event depth was estimated to be 4.2 inches.  This value is based on the 
100-year, 24-hour precipitation depth for the Florence station obtained from the National Oceanic and 
Atmospheric Administration (NOAA) website (http://www.noaa.gov). 
 
2.2.4 Enhanced Evaporation 

Lake evaporation alone is not sufficient to manage the excess flows during the project life.  Enhanced 
evaporation systems will be required to manage the surplus treated effluent that will be collected and 
managed at the PTF Process Solution Impoundment.  The number of evaporation units required was 
estimated using design data for mechanical water fracturing technology supplied by an established 
manufacturer.  Each enhanced evaporation unit was estimated to be capable of evaporating between 
approximately 16 and 28 gpm of water from the impoundment, depending on the prevailing weather 
conditions.  Factors that will influence the effective evaporation rate include: temperature, relative 
humidity and wind conditions.  The variability in the evaporation efficiency for different months is captured 
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in the water balance model.  For example, more units are required to operate in the cooler months or 
when the relative humidity is higher.  In months where the inflow to the impoundment is greater than the 
maximum evaporation capacity, the surplus water will remain in storage until it can be evaporated.  This is 
presented in the water balance results. 
 
The evaporation system will include an automated control system that monitors the local weather 
conditions and adjusts operation accordingly.  For example, the system will be programmed to operate 
only up to a specified wind speed and/or direction. 
 
2.3 WATER BALANCE MODEL RESULTS 

The water balance was modelled on a monthly basis from the start of PTF leaching phase to the end of 
the PTF rinsing period.  The model was developed using the GoldSim© software package, a simulation 
tool used extensively for site water management applications. 
 
The results of the water balance modelling indicate that the PTF Process Solution Impoundment will 
require an operating capacity of 1.7 million cubic feet; which is sufficient to contain the sediment formed 
by the neutralization process and to facilitate evaporation of the treated effluent.  The impoundment will 
have a maximum depth of 23 feet 5 inches, with base dimensions of 353 feet 7 inches by 274 feet 
1 inches and side slopes of 2.5H:1V and a corresponding depth-capacity relationship as shown on 
Figure 2.1. 
  
The water balance flows are summarized on a monthly basis in Table 2.1, which illustrates the volumes of 
liquid flowing into, out of, and stored in the impoundment during each month of operation.  Inflows to the 
impoundment include: 

 Treated effluent from the Neutralization Plant 

 Stormwater runoff from the plant site that will be collected in the Plant Runoff Pond and promptly 
removed to the PTF Process Solution Impoundment, and  

 Direct precipitation falling on the entire surface area of the impoundment and embankment crests.   
 
Outflows include the volume of water lost through both natural and mechanical evaporation and the 
volume of water lost to the void spaces within the sediment.  Figure 2.2 shows the relative contributions of 
the sediment and solution to the storage depth as the PTF Process Solution Impoundment fills.  The 
variability in evaporation rates and subsequent storage in the impoundment is illustrated on Figure 2.2 
and in Table 2.1.  At the end of the rinsing phase a total of 145,125 ft3 of sediments and 1.3 million ft3 of 
solution will be contained within the PTF Process Solution Impoundment. 
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SECTION 3.0 - LEAKAGE RATE ASSESSMENT AND LCRS CAPACITY 

3.1 GENERAL 

The PTF Process Solution Impoundment described in this report is classified as a Process Solution Pond 
under the BADCT criteria and is therefore designed with a double synthetic liner system that includes a 
Leakage Collection and Recovery System (LCRS).  Design requirements for the double liner system and 
LCRS are based on the US Environmental Protection Agency Document 52 FR 20218 “The Proposed 
Rules on Liners and Leak Detection for Hazardous Waste Land Disposal Units” (EPA, 1987) and “Mine 
Waste Management, California Mining Association” (Hutchison and Ellison, 1992).  The following sections 
describe the methodology used to design the LCRS. 
 
3.2 LEAKAGE RATE ASSESSMENT 

A leakage rate assessment was completed for the primary (upper) liner using empirical leakage rate 
equations.  This assessment was carried out to determine the required design capacity of the LCRS and 
predict potential leakage flow rates into the LCRS during operation of the impoundment. 
 
The orifice flow equation (Equation 1) was used to estimate the potential leakage flow rates through 
assumed defects in the primary liner.  The “worst-case” scenario was assumed to be when the 
impoundments are filled with liquid to their maximum operating level resulting in the maximum hydraulic 
head over the primary liner.  
 

Q C a 2gh      (Equation 1) 

 
Where: 

Q = flow through one hole, m3/s 
a = area of hole in liner, m2 

g = 9.81 m/s2 
Cb = orifice coefficient, dimensionless = 0.6, and 
hw = head of liquid over top of orifice, m. 
 

The estimated Action Leakage Rate (ALR) through the primary liner for each facility was calculated based 
on the performance criteria outlined by the EPA.  The EPA guidelines recommend that an average liner 
defect of four 2 mm diameter holes per wetted acre of liner area be assumed for estimating the ALR.  The 
resulting ALR for the PTF Process Solution Impoundment is 5 gpm (2,040 gallons per day per wetted 
acre). 
 
The estimated Large Leakage Rate (LLR), also known as the Rapid and Large Leakage Rate (RLLR), 
through the primary liner was calculated based on the performance criteria outlined by the California 
Mining Association (CMA).  The CMA guidelines use the estimating methods outlined by Giroud and 
Bonaparte (1989) which assume an average liner defect of 11.3 mm diameter per acre of liner area.  The 
resulting LLR for the PTF Process Solution Impoundment is 41 gpm (16,250 gallons per day per wetted 
acre). 
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3.3 DESIGN CAPACITY OF THE LCRS 

The capacity of the LCRS was estimated based on Darcy’s law (Equation 2) and using the transmissivity 
of the geonet specified in the design.   

Q iA    (Equation 2) 

q = (θ/t)i   (Equation 3) 
 
Where: 

q = flow capacity per unit width, m3/s per m 
θ = transmissivity of geonet, m3/sec/m/unit gradient  
   = 2 x 10-3 m2/s for the specified product 
t = the thickness of the geonet layer, m, and 
i = ground slope (gradient) = 0.03 (minimum for design). 

 
The specified geonet product has a stated transmissivity of 1 x 10-3 m2/s, which results in a capacity for 
the PTF Process Solution Impoundment of 14,000 gpm.  This geonet flow capacity provides a factor of 
safety of greater than 100 based on the estimated LLR. 
 
Strip drains will be installed at the corners of the impoundment slopes (i.e. the “valleys” within the 
impoundment) to assist in transferring any liquids collected to the LCRS sumps.  The strip drains are 
specified with a minimum capacity of 20 gpm each for the PTF Process Solution Impoundment. 
 
A 7,000 gallon sump filled with drainage gravel will be constructed at the low point of the facility and will 
be equipped with a submersible pump to remove any collected liquid from the sump.  Provisions will also 
be made to allow monitoring of the solution level in the LCRS.  The flow capacity of the pump system, 
based on the LLR, is 85 gpm at 30 feet of total head.  This pump capacity provides a factor of safety of 
two based on the estimated LLR. 
 
3.4 LEAK RESPONSE ACTIONS 

The following actions will be initiated in the event that leakage from the primary liner enters the LCRS at a 
rate in excess of the ALR. 
 
3.4.1 Action Leakage Rate 

If the measured leakage rate exceeds the ALR the exceedance will be noted in the daily plant log.  
The solution level in the impoundment will then be reduced until the leakage rate drops below the 
ALR and all liquid from the LCRS sump will be removed.  Leakage rates will continue to be 
monitored and recorded.  Inspections will be carried out and repairs initiated as required. 

 
3.4.2 Large Leakage Rate 

If the measured leakage flow rate exceeds the LLR (also known as the RLLR) then receipt of 
liquids into the impoundment will be stopped.  The Water Quality Compliance Section (WQCS) 
will be notified within 24 hours of the determination.  All liquid in the impoundment will then be 
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removed to a suitable storage facility.  An inspection procedure will be carried out to determine 
the problem.  Remedial actions and repairs will be carried out as required.  The impoundment will 
be refilled in a controlled manner with a check made of the leakage rate at each stage of the 
refilling operation.  Within 30 days of a confirmed RRL exceedance, the results of the analyses 
will be submitted to the WQCS, including the:  

 Amount of liquids 
 Likely source 
 Possible location 
 Size and cause of the leak 
 Short-term actions planned and taken to correct and prevent discharges, and  
 Proposals to mitigate impacts of the exceedance, if any. 
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SECTION 4.0 - DESIGN AND CONSTRUCTION OF THE PTF IMPOUNDMENT 

4.1 STANDARDS 

The design of the PTF Process Solution Impoundment for the Production Test Facility will be in 
accordance with the Best Available Demonstrated Control Technology (BADCT) guidance manual 
(Publication # TB 04-01), entitled "Arizona Mining Guidance Manual BADCT".  The impoundment is designed 
to meet or exceed the prescriptive criteria and requirements set out in the BADCT manual. 
 
Other standards used in the design of the facilities include, but are not limited to: 

 American Society for Testing Materials (ASTM) 

 Army Corps of Engineers Test Methods 

 Occupational Safety and Health Administration, General Industry and Health Standards - OSHA 2206 
(29 CFR 1910) 

 American Association of State Highway Transportation Officials (AASHTO) 

 AASHTO - AGC - ARTBA - Task Force 25 

 Federal Test Method Standards (FTMS). 

 American National Standard Institute (ANSI) 

 American Water Works Association (AWWA) 

 Society of Plastics Industry, Inc. (SPI) 
 
All work will be carried out in accordance with the standards and procedures in Appendix C – Technical 
Specifications – Geosynthetics and Appendix A – Earthwork Technical Specification and QA/QC Plan. 
 
4.2 PTF PROCESS SOLUTION IMPOUNDMENT 

4.2.1 General 

The PTF Process Solution Impoundment will be constructed on state land in the location shown 
on Drawing D1010.  The impoundment is designed to manage the treated effluent and sediment 
during the PTF phase of the project.  The impoundment is classified as a Process Solution Pond 
under the BADCT guidelines and is therefore designed based on the criteria outlined in Section 2.3 
of the BADCT manual.  The requirements specified in the prescriptive BADCT Table 2-3 are 
summarized and compared to the project design criteria for the PTF Process Solution Impoundment 
in Table 4.1. 
 
The PTF Process Solution Impoundment will be constructed using a balanced cut and fill grading 
plan to the extent possible, while providing an allowance for potentially unsuitable excavated 
material.  The earthworks will comprise a combination of excavation of the native ground and 
placement and compaction of the excavated material as confining embankments around the 
perimeter of the impoundment.  The impoundment will be constructed with a double liner and a 
leakage collection and recovery system (LCRS).     
 
The facility is designed as a temporary structure that will be decommissioned and removed at the 
end of its useful life following the completion of the PTF phase of the project. 
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4.2.2 Design Storm Event 

The selected design storm for the PTF Process Solution Impoundment is the 100-year, 24-hour 
rainfall event, with a precipitation depth of 4.2 inches. 
 
The validity of the storm depth estimate was verified with the most recent NOAA data from Atlas 
14, Volume 1, Version 5 FLORENCE, station ID: 02-3027, which indicate that the point 
precipitation estimate for the 100-year 24-hour storm event is 3.90 inches with a 90% confidence 
interval of 3.49 to 4.20 inches.  A 4.2 inch design storm depth will be used to maintain 
consistency with the 1995 design basis and provide suitable conservatism. 
 
The contributing catchment area for the PTF Process Solution Impoundment includes the interior 
of the impoundment and the crests of the confining embankments.  The surplus excavation 
material stockpiles and external embankment slopes will be graded to drain away from the 
impoundment, as these areas will not be impacted by project activities. 

 
The impoundment is located outside of the 100-year floodplain of the Gila River estimated by 
FEMA (2007).  The 100-year flood line was obtained from the FEMA (2007) Flood Insurance Rate 
Map for Pinal Country, Arizona and incorporated areas.  
 

4.2.3 Geotechnical Conditions 

A geotechnical site investigation was carried out by Knight Piésold and Co. at the PTF Process 
Solution Impoundment site between October 26 and 30, 2011.  A total of three shallow drill holes 
were completed in the vicinity of the proposed impoundment footprint.  The drill holes were 
advanced using a hollow stem auger drill rig with a 4-1/4 inch inner diameter for sampling, and 
were extended to depths of between 25 and 50 feet below ground surface.  Sampling and testing 
within the drill holes included Standard Penetration Tests, Shelby Tubes, bulk cuttings collection, 
and constant and falling head permeability tests. 
 
The results of the investigation, as confirmed by the laboratory testing, suggest that the soil under 
the impoundment generally consists of fine grained soils (SM, SC, and CL-ML) from the surface 
to a depth of approximately 10 to 20 feet.  Below 10 to 20 feet, native soils consist of sand, gravel 
and cobbles with varying amounts of silt (GP-GM, SP, and GP).  Permeability of the fine grained 
soils remolded to 97 percent of a standard Proctor with confining pressures of 5 to 15 psi ranged 
from 3.7 x 10-6 to 1.2 x 10-6 cm/sec.   
 
Additional details of the geotechnical site investigation, including results and conclusions, are 
presented in Appendix B. 
 

4.2.4 Geometry and Capacity 

The PTF Process Solution Impoundment shown on Drawing D0110 will be 352 feet 11 inches by 
432 feet 5 inches as measured from the inside of the embankment crests.  The impoundment will 
be approximately 23 feet 5 inches deep from the top of the crest to the lowest point on the 
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primary liner.  The crest of the embankment around the perimeter of the impoundment will have a 
minimum crest width of 20 feet plus the width of any adjoining spoils stockpiles.  The 
embankment will be constructed to accommodate vehicle traffic for operator inspections.  Interior 
and exterior embankment slopes will be 2.5H:1V.  Access to the inside of the impoundment will 
be provided by way of a strip of textured 80 mil HDPE liner (rub sheet) at specific entrance points. 
 
The PTF Process Solution Impoundment has an operating capacity of approximately 1.7 million 
cubic feet (operating elevation 1486 feet 3 inches) and includes an additional 6 inches for storm 
capacity and 2 feet of “dry” freeboard (top of embankment elevation 1488 feet 9 inches).  The 
impoundment capacities and elevations are summarized in Table 4.2. 

 
The total volume of sediment produced, assuming a dry density of 35 lb/ft3 is approximately 
173,000 cubic feet, which leaves 1.6 million cubic feet of capacity for solution storage.  Solution 
storage will be in the order of 130 days during the PTF leaching phase, and about 34 days during 
the rinsing phase.  This will provide adequate time to determine how to best manage the PTF 
process and the impoundment. 
 

4.2.5 Site Preparation and Earthworks 

4.2.5.1 Site Clearing 

All site clearing, site preparation, excavation, fill placement and associated inspection and 
testing will be in accordance with the Earthwork Technical Specification and QA/QC Plan 
included in Appendix A. 
 
All construction activities will conform to the cultural resources management plan that has 
been developed for the project.   
 
The impoundment area, including the embankment footprints, will be prepared for 
construction by: 

 Clearing and grubbing to remove vegetation 

 Removal of any organic material or growth media (topsoil), and 

 Movement and stockpiling of vegetation, topsoil and any other unsuitable material in the 
area of the work to the lines and grades specified on the drawings. 

 
Growth media stripped from the work area will be stockpiled for future use in revegetating the 
exposed slopes around the impoundments and for reclamation of the area at closure. 
 

4.2.5.2 Excavation 

Excavation will be to the lines and grades shown on the drawings.  It is anticipated that the 
excavation can be performed with conventional earth moving equipment 
 
Any areas where ancient canals are encountered during construction will be over-excavated 
and re-compacted. 
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4.2.5.3 Embankment Construction 

At least 1 foot of the existing soils will be removed within the footprints of the embankments. 
 
Soils with excessive in-situ moisture content, high plasticity clays and any other material 
deemed unsuitable by the Engineer will be excavated and removed to a waste stockpile.  
These soils will be replaced with suitable excavated material from other areas within the 
impoundment area. 
 
Any naturally sloping areas within the embankment footprints that exceed 20% grade will be 
benched in a manner that allows unimpeded operation of the earth moving equipment.   
 
All areas that will receive embankment fill will be proof rolled. 
 
The upper 8 inches of native soils beneath areas to receive fill will be scarified, moisture 
conditioned and compacted to a minimum of 92 percent of the maximum dry density 
(Standard Proctor, ASTM D-698). 
 
Native materials that are considered suitable for embankment construction include: 

 Silty or clayey SAND 

 Very sandy CLAY, and 

 SAND and GRAVEL. 
 
Unsuitable materials include: 

 High plasticity clays or silts, and 

 Particles larger than 6 inches in dimension. 
 
Embankment fill will be placed in lifts not exceeding 10 inches loose thickness and 
compacted to a minimum of 92 percent of the maximum dry density (standard Proctor, ASTM 
D-698) to the lines and grades shown on the drawings. 
 

4.2.5.4 Liner Subgrade Preparation 

At least 1 foot of the existing soils will be removed beneath the area where the secondary 
(lower) liner is to be installed. 
 
Soils with excessive in-situ moisture content, high plasticity clays and any other material 
deemed unsuitable by the Engineer will be excavated and removed to a waste stockpile.  
These soils will be replaced with suitable excavated material from other areas within the 
impoundment area. 
 
The upper 8 inches of native soils beneath areas to receive liner subgrade fill will be scarified, 
moisture conditioned and compacted to a minimum of 92 percent of the maximum dry density 
(standard Proctor, ASTM D-698). 
 
Native materials that are considered suitable for the liner subgrade construction include: 

 Clayey SAND 
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 Clayey silty SAND, and 

 Sandy CLAY. 
 
Unsuitable materials include: 

 High plasticity clays or silts, and 

 Particles larger than 3/8 inch in dimension. 
 
Liner subgrade fill will be placed in two 6 inch lifts and compacted and smooth rolled to a 
minimum of 92 percent of the maximum dry density (standard Proctor, ASTM D-698) to the 
lines and grades shown on the drawings.  The hydraulic conductivity of the compacted liner 
subgrade will be no greater than 1 x 10-6 cm/s.  

 
4.2.6 Liner and Inter-Liner Drainage Net Details 

The PTF Process Solution Impoundment will be constructed with a double liner system complete 
with a LCRS between the two liners as shown on Drawing D1192.   
 
Both the primary (upper) and secondary (lower) liners will be UV-resistant, 60 mil HDPE 
geomembranes.  A geonet will be placed between the HDPE liners as a drainage layer.  Strip 
drains will be placed along the edges of each slope to facilitate drainage of the geonet layer to the 
LCRS sump situated at the low point in the impoundment. 
 
The secondary (lower) liner will be placed on a prepared foundation as described in 
Section 4.2.5.4.  Liner installation will not be permitted until the Engineer certifies that the bedding 
layer meets the minimum requirements shown on the drawings and described in the Technical 
Specifications. 
 
All liners and geonet will be keyed into a 2 feet by 2 feet anchor trench at the top of each 
embankment.  The liners will be appropriately anchored or ballasted to prevent uplift at the design 
wind speeds. 
 
The choice of liner material meets the chemical requirements of the contained solution. 

 
All liner and geonet specifications and installation requirements will be in accordance with 
Appendix C – Technical Specifications – Geosynthetics. 

 
4.2.7 Leak Collection and Removal System (LCRS) 

The PTF Process Solution Impoundment will have a bottom constructed with minimum slopes of 
3% towards a collection sump at the low point as shown on Drawing D1110.  The sump will be 
filled with drain rock to allow removal of any liquid collected between the primary and secondary 
liners.  Two 8-inch HDPE pipes, perforated for the bottom five feet, will be used to monitor and 
remove liquid from the LCRS sump.  If leakage above the ALR is detected, the solution level in 
the impoundment will be lowered until the leakage drops below the ALR.  A self-starting 
submersible pump system with 85 gpm capacity at 30 feet of hydraulic head will be installed in 
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one of the HDPE ports.  A conductivity probe will be placed in the second HDPE pipe to provide 
an alarm signal when fluid is present in the sump.  The pump will operate whenever fluid is 
detected in the sump to maintain a minimum hydraulic head on the secondary (lower) liner. 
 
A geonet with a minimum average transmissivity of 1 x 10-3 m2/sec at a gradient of 1.0 and 
minimal nominal thickness of 0.2 inch will be placed within the double liner system.  The geonet 
will collect and convey any leakage through the primary liner towards the collection sump at the 
low point of the impoundment.  The strip drains placed along the edges of each slope will allow 
free drainage from the geonet layer to the sump.  The geonet and strip drains are designed to 
provide enough flow capacity such that no more than 1 foot of head is allowed over the 
secondary liner at the maximum anticipated leakage rate (LLR) through the primary liner. 
 

4.2.8 Closure 

Closure of the PTF Process Solution Impoundment will consist of the removal of the 
neutralization circuit that feeds the impoundment.  Any spilled material will be cleaned up and 
tested.  Rinse and clean-up solutions will be neutralized and then placed in the impoundment for 
evaporation.  Likewise, any process solutions from the pilot SX/EW plant or tank farm areas that 
cannot be sold or used in other operations off-site will be neutralized and placed in the 
impoundment.  Approximately 1.3 million ft3 of solution will remain on the surface of the deposited 
sediment after the rinsing phase of the PTF; this solution will be evaporated to allow the sediment 
to desiccate to the extent possible to permit safe access for personnel and equipment.  Once all 
liquids have been removed from the impoundment, the evaporation system will be removed for 
reuse at the commercial operation or for off-site sale, recycling or disposal.   
 
The 145,125 ft3 of deposited sediment will be disposed of at an off-site facility.  The material will 
be excavated using conventional earth moving equipment to the extent possible; however, the 
sediment may need to be re-slurried for removal with pumps and mechanically dewatered prior to 
off-site disposal. 
 
The liners will be washed with water following removal of all sediment and remaining liquid from 
the impoundment.  The wash water will be pumped to a holding tank, tested, and disposed of 
appropriately.  The liners will be cut, removed and inspected for potential use elsewhere, sold, or 
disposed of in an off-site landfill.  The embankment fill material and stockpiled soils will be used to 
fill the impoundment excavation.  The area will be re-graded to its natural slope, covered with any 
stockpiled growth medium (topsoil), and revegetated with appropriate plant species. 
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SECTION 5.0 - EVAPORATION SYSTEM 

A floating pontoon-mounted, mechanical water evaporation system is proposed to supplement the 
passive lake evaporation from the PTF Process Solution Impoundment.  These evaporation systems 
shear the water through a high speed fan that propels the water into the air.  Water which is not 
evaporated will fall directly back into the impoundment.  A grid of 3 x 3 units (total of 9 units) will be 
positioned on the surface of the PTF Process Solution Impoundment and will have capacity to evaporate 
between 145 to 250 gpm depending on the prevailing weather conditions.  This variability has been 
accounted for in the water balance model and subsequent design. 
 
The system will include: 

 A wind monitoring system to automatically turn the units off if prevailing conditions are unsuitable for 
operation of the evaporators 

 Automated and programmable operation to optimize evaporation that addresses: 
o Variable temperature  
o Variable relative humidity, and 
o Variable energy costs. 

 A small boat for maintenance access.  
 
The climatic conditions at the site are amenable to high evaporation efficiency using various evaporation 
technologies due to the low relative humidity, low precipitation and generally high daytime temperatures. 
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SECTION 6.0 - ESTIMATE OF QUANTITIES 

A bill of quantities is provided for the PTF Process Solution Impoundment in Table 7.1. 
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SECTION 7.0 - OPERATING CRITERIA 

It is assumed that the PTF will operate for a two year duration and that between 61.5 and 250 gpm of 
excess solution (hydraulic control solution, raffinate bleed, and rinse solutions) will be directed towards a 
Neutralization Plant prior to removal to the PTF Process Solution Impoundment. 
 
The sediment in the PTF Process Solution Impoundment is expected to reach a settled dry density of 
approximately 35 lb/ft3.  Furthermore, the solids will likely not have an opportunity to desiccate during the 
PTF phase, as only one impoundment is planned and slurry deposition is assumed to be continuous.  
 
The PTF Process Solution Impoundment will provide up to 140 days of storage at 61.5 gpm during the 
leaching phase and 34 days of storage at 250 gpm during the rinsing phase.  These estimates account 
for the sediment that will accumulate over the operating life of the facility.  The solution will need to be 
treated and evaporated on a near continual basis over the estimated 23 month life of the PTF phase. 
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SECTION 8.0 - MONITORING AND RESPONSE 

The PTF Process Solution Impoundment will be inspected on a quarterly basis after the systems are put 
into operation and after a major storm or surface water event, all in accordance with the BADCT 
requirements.  The following operational monitoring requirements are recommended: 

 Physical inspection of the impoundment berms and liners to identify any system failures or areas in 
need of maintenance or repair 

 Regular inspections of liner systems for liner integrity and performance 

 Regular monitoring and maintenance of the LCRS systems 

 Regular visual observations to ensure that freeboard requirements are satisfied 

 Regular monitoring of sediment build-up in the impoundment 

 Regular maintenance and monitoring of pumps, piping and other mechanical systems, and 

 Maintenance of surface water diversion systems. 



 

 18 of 19 VA101-448/4-1 
  Rev 1 
  March 1, 2012 

SECTION 9.0 - REFERENCES 

Giroud, J.P., and Bonaparte, R. 1989. Leakage through Liners Constructed With Geomembranes-Part I. 
 Geomembrane Liners. Geotextile and Geomembranes, 8: 27-67. 
 
Hutchison, I.P.G., and R. Ellison. 1992. Mine Waste Management, California Mining Association. 
 Chelsea, Michigan, Lewis Publishers, Inc. 
 
Terracon, Geotechnical Engineering Report; PLS/Raff and Evaporation Impoundment Stability 
 Evaluation, August 23, 1996. 
 
Terracon, Geotechnical Engineering Report; Evaporation Pond Evaluation, May 13, 1997. 
 
U.S. Environmental Protection Agency (EPA); Liners and Leak Detection Systems for Hazardous Waste 
 Land Disposal Units. FR 20218, May 29, 1987. 



rfrechette
Pencil



STORAGE

1. Treated Water 
from Lime 

Neutralization Plant

3. Runoff Water 
from Plant Site

4. Direct 
Precipitation

5. Losses to 
Evaporation (Natural 

and Enhanced)

6. Losses to Void 
Spaces

7. Change in 
Storage Volume

(ft3/month) (ft3/month) (ft3/month) (ft3/month) (ft3/month) (ft3/month)

1 0 0 0 0 0 0

2 367,000 18,000 995 7 6,631 379,360

3 343,330 17,866 988 433,223 6,203 -77,250

4 366,970 18,000 995 546,190 6,631 -166,820

5 355,200 4,500 249 488,780 6,417 -135,290

6 367,000 4,500 249 16,000 6,630 349,140

7 355,200 2,400 133 700,400 6,417 -349,140

8 367,000 15,750 871 24,300 6,631 352,700

9 367,000 18,000 995 727,100 6,631 -347,712

10 355,100 12,904 713 23,000 6,417 339,342

11 367,000 11,850 655 572,900 6,631 -200,070

12 355,200 15,150 838 449,300 6,417 -84,504

13 367,000 19,950 1,103 11,700 6,630 369,684

14 367,000 18,000 995 412,500 6,631 -33,150

15 331,500 17,250 954 419,100 5,989 -75,410

16 1,491,800 18,000 995 1,186,000 3,316 321,570

17 1,443,800 4,500 249 1,325,000 3,208 120,270

18 1,491,900 4,500 249 1,527,100 3,320 -33,740

19 1,444,000 2,400 132 1,551,400 3,200 -108,020

20 1,492,000 15,750 871 1,622,000 3,320 -116,780

21 1,491,000 18,000 996 1,552,000 3,320 -44,900

22 1,444,000 12,900 713 1,386,000 3,200 67,900

23 1,492,000 11,850 655 1,242,000 3,320 259,680

M:\1\01\00448\04\A\Data\PTF Design\Water Balance\Results\[Results - Balance.xlsx]Table 2.1

NOTES:

Print Feb/29/12 8:36:27

2. NUMBERED HEADINGS IN THIS TABLE  RELATE TO THE FLOWS ON FIGURES 1.1 and 1.2.

3. TREATED WATER FLOWS WERE PROVIDED BY M3.

Phase

INFLOWS OUTFLOWS

Month

1. MONTHLY VALUES PRESENTED IN TABLE ARE A SUMMARY OF A MONTHLY WATER BALANCE COMPLETED USING GOLDSIM©.

Leaching 
Phase

Rinsing 
Phase

7. ENHANCED EVAPORATION IS CALCULATED ASSUMING THE FORCED EVAPORATION UNITS WILL EVAPORATE 16 TO 28 gpm PER UNIT.

4. RUNOFF FROM PLANT SITE IS COLLECTED AND ROUTED TO THE PTF PROCESS SOLUTION IMPOUNDMENT.

5. DIRECT PRECIPITATION ACCOUNTS FOR THE RAINFALL DIRECTLY ON THE IMPOUNDMENT. THERE IS ZERO RUNOFF COMING FROM THE SURROUNDING AREAS DUE TO THE
     ELEVATED BERMS AROUND THE IMPOUNDMENT.

8. LOSSES TO VOID SPACES REPRESENTS THE WATER LOST TO THE PORES IN THE ACCUMULATING SEDIMENT.

6. NATURAL EVAPORATION IS BASED ON THE EVAPORATION DATA OBTAINED FROM THE WESTERN REGIONAL CLIMATE CENTRE FOR THE FLORENCE AND MESA CLIMATE STATIONS.

TABLE 2.1

CURIS RESOURCES INC.
PRODUCTION TEST FACILITY

WATER BALANCE SUMMARY
PTF PROCESS SOLUTION IMPOUNDMENT

0 02FEB'12 AS DFISSUED WITH REPORT VA101-448/4-1 KJB
DATE DESCRIPTION PREP'D CHK'D APP'DREV
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Category Element Prescriptive Criteria Design Conformance

1)  Evaluate site characteristics such as surface water hydrology and general site 
suitability.

Site characteristics were identified through preliminary site exploration, geotechnical investigations, and 
laboratory and in-situ soil testing in October 2011.  No conditions that will preclude the use of these sites 
were identified.  Details of the 2011 site investigation and results can be found in the PTF Process Solution 
Impoundment Feasibility Design Report.  The surface water drainage pattern is generally from north to south 
towards the Gila River.  The hydrology and hydraulic aspects of the site are summarized in Reference 3.

2)  Determine if shallow groundwater conditions exist, and document if present. Shallow groundwater was not encountered during subsurface exploration according to the drill hole logs 
presented in the geotechnical site investigation report (see References 1 and 2).  Regional groundwater 
studies suggest that the groundwater level may be at depths between 100 and 200 feet below the ground 
surface (Reference 2).

3)  Determine if geologic hazards exist. Geologic hazards have not been identified at the site.

1)  Surface water run-on from upstream watershed areas that the pond is not designed to 
capture should be diverted around the pond.  Minimum design storm is the 100-year, 24-
hour storm event unless a larger design storm is required by another regulatory program 
or due to potential threat to human life.

Stormwater diversion systems will be designed to divert the 100-year, 24-hour storm event.  The confining 
embankments will be high enough to prevent stormwater run-on from entering the impoundment.

2)  The facility and related diversion structures must be designed to avoid excessive 
erosion.

The impoundment will have confining embankments that will be suitably protected from erosion during the 
design storm event. 

3)  If located within the 100-year floodplain, the facility must be protected from damage or 
flooding from 100-year peak streamflows.

The facility is located outside of the  100-year floodplain of the Gila River mapped by FEMA (2007).  

1)  If present, conditions prone to geologic hazards must be documented for consideration 
in facility design.

Based on the information available in References 1 and 2, the site is not located within:
- A documented area of subsidence due to groundwater withdrawal,
- An area with active seismicity causing Holocene displacement,
- Landslide prone terrain, or
- An area of know geologic instability.

2)  Potential geologic hazards must be mitigated such that they do not have significant 
potential to impact the effectiveness of the Prescriptive BADCT design.

No potential geologic hazards have been identified, based on the information available.

1)  Chemical characterization of contained constituents, including organic compounds. The solution and sediments are described in Attachment 10.  Their principal constituent will be sulfate salts 
and will generally be above neutral pH (estimated to be 8.5 to 9.5).

2)  Physical characteristics of contained constituents. The physical characteristics of the Lime Neutralization plant effluent in the impoundment are assumed to be:

Density:                       62.4 lb/ft3

The physical characteristics of the sediment formed in the impoundment are estimated to be:

Dry Density:               approximately 35 lb/ft3

Sediment S.G.:          approximately 3.27

3)  Temperature of contained constituents. The temperature of the contained constituents and sediments deposited in the impoundment is estimated to 
be 90 degrees F, on average (from Reference 4).  Long-term temperature of the liquids and solids in the 
impoundments is expected to mirror ambient conditions at the site.

4)  Other parameters as needed for liner design. No other criteria apply.
1)  Pond must contain adequate volume for:
- The design storm volume.
- The design operating solution volume of other inflows.
- Additional capacity such that , in the event of system failure or planned shut-down, 
drained down solution can be contained for the period of shut-down until solution 
circulation can be re-established, using auxiliary power if necessary.
- Additional two (2) feet freeboard.

The impoundments have been sized to contain:
- The storm volume from the 100-year, 24-hour storm event incident on the impoundment.
- An allowance for an operational volume of solution.
- The anticipated sediment volume.
- An additional two feet of freeboard.

2) Where an overflow pond (e.g. Non-Storm Water Pond) is provided, its capacity can be 
used in conjunction with the Process Solution Pond to satisfy the above volume criteria.

1)  Grub and grade the area. Site preparation will include clearing, grubbing and grading the area as required.
2)  Excavated and replace unsuitable material. Site preparation will include excavating and replacing unsuitable material with suitable material.
3)  Subgrade to consist of, at a minimum, six inches of native or natural materials 
compacted to 95% maximum dry density (standard Proctor; ASTM D-698).

Subgrade will comprise 12" of native or natural material compacted to a minimum of 95% maximum dry 
density (standard Proctor; ASTM D-698).  Details are shown on KP Drawing D1192.

4)  Side slopes no steeper than 2:1 Interior and exterior side slopes of 2.5H:1V will be used, which is more conservative than the BADCT 
requirement.

1)  Double liner system and LCRS between the two liners. A double liner system, comprising primary and secondary liners, with geonet  placed between as a drainage 
layer will be used.

2)  Lower liner will be a composite liner consisting of a single geomembrane of at least 30 
mil thickness or 60 mil if proposing HDPE over, a minimum, six inches of 3/8-inch minus 
native or natural materials compacted to achieve a saturated hydraulic conductivity no 

greater than 10-6 cm/sec.

The secondary (lower) liner will be a composite system that consists of an upper and lower component.  The 
upper component will be UV resistant, 60 mil HDPE geomembrane and the lower component will be a 12" 
thick layer of minus 3/8" native or natural material placed in two 6" lifts and compacted and smoothed to no 
less than 95% of the maximum dry density (standard Proctor, ASTM D-698) and to achieve a hydraulic 

conductivity no greater than 1 x 10-6 cm/sec.  This is shown on KP Drawing D1192.
3)  Upper liner will be single geomembrane of at least 30 mil thickness or 60 mil if 
proposing HDPE.

The primary (upper) liner will be UV resistant, 60 mil HDPE geomembrane.  

4)  Geomembrane to be certified UV resistant for areas exposed to sunlight. All specified geomembrane will be certified UV resistant for all areas.  This exceeds the BADCT requirement.

5)  Geomembrane secured by an engineered trench. The geomembrane will be anchored in a trench a minimum of 2' deep by 2' wide, with the liner extending at 
least 1' up the outside wall of the trench.  The trench will be backfilled with minus 1/2" material compacted in 
6" lifts to no less than 95% maximum dry density (standard Proctor; ASTM D-698).  See KP Drawing D1192 
for details.

6) Ditches that convey process/recycle solutions to the Process Solution Pond will be 
designed with a composite liner consisting of a single geomembrane of at lest 30 mil 
minimal thickness or 60 mil if proposing HDPE over a minimum 6 inches of 3/8-inch minus 
native or natural materials compacted to achieve a saturated hydraulic conductivity no 

greater than 10-5 cm/sec.

Process solutions will be conveyed in pipelines.  Pipelines will be placed in a lined channel.  Pipelines will be 
suitably restrained within the lined channels.

7)  Soil liner component surfaces to be smooth (e.g. rolled) and inspected prior to 
geomembrane installation.

Liner subgrade fill will be placed in two 6" lifts and compacted and smooth rolled to a minimum of 95% of the 
maximum dry density (standard Proctor, ASTM D-698) to the lines and grades shown on the drawings.  The 
finished subgrade will be free of cracks, voids, ruts, footprints or any other imperfections; any protrusions 
extending more than 0.5" from the finished surface will be removed, crushed, or pushed into the surface.  All 
liner installation procedures will be in accordance with the manufacturer's specifications and instructions.  All 
liner installation will be in accordance with Appendix D of the PTF Process Solution Impoundment Feasibility 
Design Report.

8)  Activities over geomembrane to be conducted in a manner that minimizes potential for 
damage.

All liner installation will be in accordance with Appendix A of the PTF Process Solution Impoundment 
Feasibility Design Report and the manufacturer's specifications and instructions.

9)  Quality Assurance/Quality Control program developed and implemented for liner 
installation, operation and maintenance.

See Appendix A of the PTF Process Solution Impoundment Feasibility Design Report.

1)  LCRS consists of a drainage layer of sand, gravel, geonet or other permeable material 
located between the two geomembranes.

Geonet will be placed between the two geomembrane liners as shown on KP Drawing D1192.

2)  The LCRS shall be designed to result in minimal hydraulic head on the lower liner and 
provide for removal of liquids between the upper and lower liners.

A double liner system with a Leak Collection and Removal System (LCRS) will be used.  The drainage layer 
between the primary and secondary HDPE liners will comprise geonet with a minimum transmissivity of

1x10-3m2/sec at a gradient of 1.0 and a minimum nominal thickness of 0.20" (200 mil).  Strip drains will be 
placed along the edges of each slope to facilitate drainage of the geonet layer to the LCRS sump, which is 
located at the low point in the impoundment.  The capacity of the geonet drainage layer will be sufficient to 
maintain less than 1' of hydraulic head on the secondary liner under the maximum anticipated leakage 
flowrate through the primary liner with a factor of safety of greater than five.  The drainage layer  and strip 
drains will be sloped towards the LCRS sump at the pond low point at a minimum gradient of 3%.  The LCRS 
sump will be 3' deep, backfilled with 1" min, 2" max drain rock, and fitted with a self-starting submersible 
pump with a rated capacity of at least 85 gpm at 30' head.  Collected liquids will be removed via an 8" 
diameter HDPE  pipe.  All materials  and equipment will be resistant to leachate solutions.  Details are shown 
on KP Drawings D1192 and D1193.

3)  Drainage layer media must achieve a flow capacity equivalent to a 1-foot-thick layer 

with a 3% slope and hydraulic conductivity of 10-2 cm/sec or greater.  Materials used must 
be chemically compatible with the solutions stored in the pond.

The drainage layer between the primary and secondary HDPE liners will comprise geonet with a minimum 

transmissivity of 1 x 10-3 m2/sec at a gradient of 1.0 and a minimum nominal thickness of 0.20" (200 mil).  The 
resulting hydraulic conductivity and flow capacity meets the BADCT requirements.  Strip drains will be placed 
along the edges of each slope to facilitate drainage of the geonet layer to the LCRS sump.  All materials will 
be resistant to leachate solutions.

4)  A three (3) percent minimum slope is required to promote drainage to a collection 
sump.

The drainage layer  and strip drains will be sloped towards the LCRS sump at the pond low point at a 
minimum gradient of 3% as shown on KP Drawing D1110.

5)  LCRS must be connected to a sump for solution extraction and leachate monitoring. The LCRS sump will be 3' deep, backfilled with 1" min, 2" max drain rock, and fitted with a self-starting 
submersible pump with a rated capacity of at least 85 gpm at 30' head.

6)  A leak collection pipe system will be required as part of the LCRS. Collected liquids will be removed via an 8" diameter HDPE pipe.  A second parallel pipe will be provided for 
monitoring and backup pumping as shown on KP Drawing D1110.

7)  LCRS should be equipped with a dedicated, automatic, fluid-level activated pump 
capable of pumping the necessary flow rate in order to maintain minimal head on the 
bottom liner. The capability to install a pump, plus frequent monitoring to determine if and 
when a pump is necessary to maintain minimal head above the bottom liner, may also be 
acceptable.

The LCRS sump will be fitted with a self-starting submersible pump with a rated capacity of at least 85 gpm at 
30' head as shown on KP Drawing D1192.  Two parallel pipes will be provided for monitoring and backup 
pumping as shown on KP Drawing D1110.

1)  Stability analysis may be required for ponds that include a large embankment. Stability analysis not required due to inherent safety related to site and design conditions: the broad 
embankment (20' crest), lower berm height (max. berm height is 12'-11"), mild side slopes (2.5H:1V) and 
small capacity (less than 50 acre-feet.  These characteristics exempt the ADWR dam requirements.

2)  The minimum recommended static factor of safety is 1.3. Not required as per BADCT section 2.3.2.6.

3)  The MPE is the design earthquake for seismic stability analysis, where required, unless 
a larger design earthquake is warranted due to potential threat to human life.

Not required as per BADCT section 2.3.2.6.

4)  When deformation analyses are required, the displacement predicted shall be within 
the following limits unless engineering evaluations are provided to demonstrate that larger 
displacements will not jeopardize containment integrity.
- Deformations not affecting a geomembrane shall be less than or equal to 1 foot.
- Deformations affecting a geomembrane shall be less than or equal to 6 inches.

Not required as per BADCT section 2.3.2.6.

2.3.1.2
Surface Water Control

2.3.1.3
Geologic Hazards

2.3.2
Design, Construction and 
Operations Criteria

2.3.2.1
Solution/Effluent 
Characterization

2.3.2.2
Capacity and Storage 
Design

2.3.1
Siting Criteria

2.3.1.1
Site Characterization

2.3.2.3
Site Preparation

2.3.2.4
Liner Specifications

2.3.2.5
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Removal System (LCRS)
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PTF PROCESS SOLUTION IMPOUNDMENT (PROCESS SOLUTION POND)

TABLE 4.1

CURIS RESOURCES  INC.
PRODUCTION TEST FACILITY

PRESCRIPTIVE BADCT

1)  Inspections to be instituted at the time of impoundment construction and on a quarterly 
basis thereafter or after a major storm or surface water event.

The Construction Quality Assurance Plan provides for inspections during construction.  Required inspection 
scope and schedules will be incorporated in the permit.  Proposed responses to identified deficiencies are 
described in Attachment 13 of the application.

2)  Inspection to include visual survey to evaluate overall facility integrity and physical 
inspection to ensure impoundment design capacity is not exceeded.

Required inspection scope and schedules will be incorporated in the permit.  Proposed responses to 
identified deficiencies are described in Attachment 13 of the application.

3)  LCRS pump and liquid level in the LCRS sump are to be checked daily. Required inspection scope and schedules will be incorporated in the permit.  Proposed responses to 
identified deficiencies are described in Attachment 13 of the application.

4)  Develop and implement Contingency Plan approved by ADEQ that specifies permitted 
courses of action to be taken in the event of an accidental discharge from the facility.

Required contingency plan is included in Attachment 3 of application.

5)  Inspection records are to remain on-site or at other approved locations for a period 
negotiated with ADEQ.

Permit will specify record retention requirements.

1)  Closure/Post-Closure Plan submitted to ADEQ for approval. The closure and post-closure plan (strategy) submitted in Attachment 16 is designed to eliminate, to the 
greatest extent practicable, any reasonable probability of future discharges and of exceeding AWQS at the 
point of compliance.  The closure plan is summarized in the PTF Process Solution Impoundment Feasibility 
Design Report.

2)  The following are example elements of a closure strategy (A.R.S. 49-243.A.8) for a 
Prescriptive BADCT Process Solution Pond:

• Excavated Ponds:

- Removal and appropriate disposal of solid residue on the upper geomembrane.
- Inspection of the lower geomembrane and underlying soils for any visual signs of liner 
damage, liner defects, or impact by leakage through the lower liner. The ADEQ may 
require soil sampling and
analysis to determine the potential for threat to groundwater quality.  - Conduct soil 
remediation if required to prevent groundwater impact.
- After the residual soil conditions are approved by ADEQ, the geomembranes can be 
buried or be removed for appropriate disposal elsewhere, and the pond excavation 
backfilled.
- The filled area will be graded to minimize infiltration.
- Capping of the pond area with a low permeability cover may also be part of a closure 
strategy if it will achieve further discharge reduction that maintains compliance with AWQS 
at the point of compliance.

• Bermed Ponds:

- Same closure procedures as for excavated ponds, except geomembranes will not be 
buried in place and must be appropriately disposed of elsewhere.

Attachments 5 and 16 address conditions such as described in the example elements.
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REFERENCES:
1.  Terracon, Geotechnical Engineering Report; PLS/Raff and Evaporation Impoundment Stability Evaluation, August 23, 1996.

2.  Terracon, Geotechnical Engineering Report; Evaporation Pond Evaluation, May 13, 1997.

2.3.4
Closure/Post-Closure 
Criteria

2.3.3
Facility Inspection 
Criteria
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Elevation (ft) Level (ft) Volume (M ft3) Elevation (ft) Level (ft) Volume (M ft3) Elevation (ft) Level (ft) Volume (M ft3)

1485.5 20.00 1.7 185,000 1486.0 20.50 0.1 1488.0 22.50 0.3
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TABLE 4.2

CURIS RESOURCES INC.
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Maximum Operating Level Storm Storage and Process Upset Freeboard
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Item No. Description 1 Description 2 Ref DWG Unit Total Quantity Comments

1 PTF PROCESS SOLUTION IMPOUNDMENT
1.1 Embankment Foundation Preparation D1010/D1110/D1192/D1193 LCY 5,700 At least 1' of existing soils shall be removed within the footprints of the embankments.
1.2 Excavation D1010/D1110 LCY 41,200 Excavated material to be used in embankment construction.

1.3 Scarification of Soils D1010/D1110/D1192/D1193 ft2 10,700
The upper 8" of native soils beneath areas to receive fill or liner subgrade fill shall be scarified, moisture 
conditioned and compacted to a minimum of 95% of the maximum dry density (standard Proctor, ASTM 
D-698).

1.4 Haul/Place/ Compact Embankment Fill D1010/D1110 LCY 30,000
Excavated material to be used in embankment construction.  All backfill to be compacted in lifts no 
greater than 10" loose thickness to no less than 95% maximum dry density (standard Proctor, ASTM-
698).

1.5 Haul/Place/ Stockpiles D1010/D1110 LCY 10,000 Excavated material for closure and reclamation use.  All material to be compacted by truck traffic.

1.6 Prepared Foundation D1192/D1193 LCY 6,800

Organic and soft materials will be removed from the embankment footprint to a min. depth of 12" and 
replaced with silty or sandy clay of minus 3/8" native or natural material placed in two 6" lift and 

compacted and smoothed to a achieve hydraulic conductivity =< 1x10-6cm/sec and >=95% maximum 
dry density (standard Proctor, ASTM D-698).

1.7 Anchor Trench Backfill D1192/D1193 LCY 310 Minus 1/2" material compacted in 6" lifts to >= 95% maximum dry density (Std. Proctor, ASTM D-698).

1.8 Drain Rock D1192/D1193 ft3 300 Hydraulic conductivity of 1x10-1cm/s or more
1.9 0.06" HDPE Primary Liner (60 mil) D1192/D1193 ft2 170,700 See technical specifications.
1.10 0.06" HDPE Secondary Liner (60 mil) D1192/D1193 ft2 170,300 See technical specifications.

1.11 Geonet (nominal thickness 0.20") D1192/D1193 ft2 170,100 Geonet to have a minimum average transmissivity of 1x10-3m2/sec at gradient of 1.0 and nominal 
thickness of 0.2", see technical specifications.

1.12 80mil HDPE Rubsheet D1192/D1193 ft2 450 3' wide under full length of PVC pipe.
1.13 8" Diameter HDPE Pipe D1192/D1193 ft 150 HDPE Pipe to have smooth walled connection. Bottom 5' to be perforated.

1.14
2" Submersible Pump Min. 85 gpm capacity at 
30' of head for PTF

D1192/D1193 each 1
Pump, motor, fittings, accessories to be constructed of 316 stainless and capable of continuous 
operations in low pH conditions.

1.15 Strip Drain with capacity of 80 gpm D1110 ft 1,200
Strip drain to be wrapped with geotextile and to have a core of approximately 1" thick expanded 
polymer.

1.16 Chain Link Fence D1110 ft 1,800

Shall consist of chain link material, installed to a height of 8' with posts being no less than 1'-6" below 
ground. The chain link fabric and required fittings and hardware shall conform to the requirements of 
AASHTO M 181 Type I or II. Wire used for the link fabric shall be 11 gauge and the mesh size shall be 
2". See technical specifications.
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NOTES:
1. SEE REF. DRAWING FOR ADDITIONAL MATERIAL AND CONSTRUCTION SPECIFICATIONS.

2. ALL PRODUCTS TO BE INSTALLED AS PER MANUFACTURER'S SPECIFICATIONS.

3. LCY - LOOSE CUBIC YARD.

TABLE 7.1

CURIS RESOURCES INC.
PRODUCTION TEST FACILITY

BILL OF QUANTITIES
PTF PROCESS SOLUTION IMPOUNDMENT
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NOTE:
1. FLOWS AND SOLIDS FROM WATER TREATMENT WERE PROVIDED BY M3.
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FLOW DIAGRAM
PTF  LEACHING PHASE (14 MONTHS)

FIGURE 1.1

CURIS RESOURCES INC.

PRODUCTION TEST FACILITY

REV
0

P/A NO.  
VA101-448/4

REF.  NO.
1

1. Treated Solution

61.5 gpm

2. Solids

258 ft3/day

5. Evaporation from 
impoundment
(calculated)

6. Losses to Void Spaces in 
impoundment
(calculated)

PTF Process Solution 
Impoundment
(7. Storage)

4. Precipitation on 
impoundment
(calculated)

Components Modeled in 
Water Balance

3. Plant Runoff
(calculated)

Lime Neutralization 
Plant

Raffinate Bleed
61.5 gpm

Neutralizing 
Agents
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P/A NO.  
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1

1. Treated Solution
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2. Solids

129 ft3/day

5. Evaporation from 
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6. Losses to Void Spaces in 
impoundment
(calculated)

PTF Process Solution 
Impoundment
(7. Storage)

4. Precipitation on 
impoundment
(calculated)

Components Modeled in 
Water Balance

3. Plant Runoff
(calculated)

Lime Neutralization 
Plant

Rinse Solution
250 gpm

Neutralizing
Agent
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CURIS RESOURCES INC. 
PRODUCTION TEST FACILITY 

 
EARTHWORKS TECHNICAL SPECIFICATION 

(REF. NO. VA101-448/2-3) 
 

SECTION 1.0 - EARTHWORKS 

1.1 INTRODUCTION 

The technical requirements specified in this section shall apply to all activities and operations related to 
earthwork for construction of the impoundments at Curis Resources Inc.’s (Curis) Production Test Facility. 
 
The Work in these specifications includes, but is not necessarily limited to, the following items: 

 Site Clearing and Subgrade Preparation 

 Excavation 

 Fill Materials 

 Fill Placement 

 Quality Control, and 

 Quality Assurance. 
 

The general soil profile was determined from the drilling of boreholes in the general area of the project 
impoundments.  The following is a typical soil profile for these areas:  

 Vegetation:  The vegetation consists of low brush and sparse grass, where present. 

 Growth media:  Growth media thickness up to 12 inches may be assumed over any portions of the 
site that are undisturbed. 

 Silty SAND and Clayey SAND with occasional low plasticity CLAY and SILT:  Underlies the surface 
and extends to depths of approximately 10 to 20 feet below the original (natural) ground surface.   

 SAND, GRAVEL and COBBLES with varying amounts of SILT:  Found below approximately 
10 to 20 feet below the original (natural) ground surface.  

 
Details of the geotechnical site investigation, including results and conclusions, are presented in the 
Geotechnical Site Investigation Report (Ref. No. TU101-448/3-2). 
 
1.2 SITE CLEARING AND PREPARATION 

The Contractor shall clear, strip and stockpile material in the area of the Work to the lines and grades 
shown on the Drawings or as instructed by the Owner.  Activities will include, but are not necessarily 
limited to, the following: 

 Removing any remaining vegetation present including grass, shrubs, roots etc. 

 Removing growth media (defined as soil of any gradation or degree of plasticity which contains 
significant quantities of identifiable organic matter, sod, roots, humus etc.) to the satisfaction of the 
Engineer. 

 Moving vegetation and growth media to stockpile areas designated by the Owner. 
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The Contractor will be permitted to carry out clearing, stripping and stockpiling of material, using whatever 
methods necessary, providing the methods are consistent with producing an acceptable end result as 
determined by the Owner and Engineer.  The methods shall keep dust to a minimum.  The Contractor will 
be solely responsible for the safety and adequacy of the methods employed. 
 
All construction activities will conform to the cultural resources management plan that has been 
developed for the project.   
 
Any clearing, stripping and stockpiling of material that the Contractor elects to perform for their own 
purposes, such as for construction of haul roads, equipment yard etc., shall be subject to the approval of 
the Owner and shall be performed at the Contractor’s expense. 
 
After an area has been cleared and stripped and before any additional work is undertaken: 

 The Engineer shall inspect the area to determine whether clearing, stripping and stockpiling of 
material has been completed satisfactorily. 

 The Engineer shall determine the type of surface treatment to follow for that particular area. 

 A survey will be taken of the area to determine quantities and/or verification of lift/layer thickness. 
 
1.3 WASTE AND STOCKPILE AREAS 

The growth media removed during the clearing and stripping operation will be stockpiled in areas 
designated by the Owner.   
 
When excavation from borrow sources progresses at a faster rate than placement of fill, the excavated 
material shall be stockpiled at approved locations adjacent to the Work until its use is authorized.  No 
payment will be made for such stockpiling or for the reloading and hauling of this material to its final 
position. 
 
All waste and growth media stockpiles to remain in place following completion of construction shall be 
shaped with stable side slopes not steeper than 2.5:1 (horizontal: vertical), and shall be graded for 
suitable appearance and proper drainage.  The stockpile shall not be placed so that it will impound runoff.  
All measures shall be taken to prevent undue soil erosion from the piles. 
 
1.4 EXCAVATION 

The Contractor shall develop excavation methods, techniques and procedures with due consideration of 
the nature of the materials to be excavated.  The Contractor shall also take such precautions as are 
necessary to preserve in an undisturbed condition, all materials outside the lines and grades shown on 
the Drawings or as required by the Engineer.  The Contractor will be permitted to carry out excavation, 
shaping etc., by whatever method considered most suitable, providing it is consistent with producing an 
acceptable end result as determined by the Engineer.  The Contractor shall be solely responsible for the 
safety and adequacy of the methods employed.  The Contractor shall protect and maintain all excavations 
until approved and until such time as the adjacent or backfill material has been placed. 
 

A-4 of 18



 

 3 of 16 VA101-448/2-2 
  Rev A 
  December 5, 2011 

The Contractor is responsible for the protection and stability of all excavations.  The Contractor may 
choose whatever method is desired to avoid the collapse of the excavated sidewalls (e.g., shoring of 
sidewalls, battering of slopes by excavating side walls at a slope that will avoid collapse, etc.) to the 
satisfaction of the Engineer and Owner.  The cost of any method used to stabilize the side slopes is to be 
included in the unit price for the applicable excavation item. 
 
The Contractor shall provide, maintain and operate any temporary drainage and/or pumping facilities 
required to control ground and surface water to keep the excavations dry and in a stable condition.  The 
Contractor’s dewatering operations shall be accomplished in a manner that will not adversely affect the 
stability of the excavated slopes, and will not cause erosion or softening of adjacent materials.  The cost 
of such temporary measures shall be included in the unit rates for the items of excavation. 
 
The Contractor shall not excavate beyond the lines and grades shown on the Drawings without the prior 
written approval of the Owner and Engineer.  Any additional excavation that is performed by the 
Contractor for any purpose, other than in compliance with a specific request from the Owner, shall be 
carried out at the expense of the Contractor.  If such additional excavation should, in the opinion of the 
Engineer, require backfilling to complete the Work, such backfilling shall be completed by and at the 
expense of the Contractor.  The backfill shall meet Specifications for the type of fill being placed. 
 
Pockets of unsuitable material within the limits of an excavation shall be removed and wasted as directed 
by the Engineer.  These materials may include, but will not be limited to, soft, moist zones, highly organic 
or other deleterious materials and zones of exposed cobbles and boulders.   
 
When a section of excavation has been completed to the required lines and grades, the Contractor shall 
notify the Engineer, who will inspect the Work.  Excavated surfaces shall not be covered with fill, liner, 
etc., until the surface has been approved by the Engineer.  The Contractor shall uncover, at his own 
expense, any excavated surface, which has been covered prior to inspection and approval by the 
Engineer. 
 
Any damage resulting from the Contractor’s operations during site preparation or excavation, including 
damage to foundations and excavated surfaces, shall be repaired at the expense of the Contractor and to 
the satisfaction of the Owner and the Engineer. 
 
1.5 SUBGRADE PREPARATION 

1.5.1 Embankment Subgrade 

At least 1 foot of the existing soils shall be removed within the footprints of the embankments. 
 
Soils with excessive in-situ moisture content, high plasticity clays and any other material deemed 
unsuitable by the Engineer shall be excavated and removed to a waste stockpile.  These soils 
shall be replaced with suitable excavated material from other areas within the impoundment area. 
 
Any naturally sloping areas within the embankment footprints that exceed 20% grade shall be 
benched in a manner that allows unimpeded operation of the earth moving equipment.   
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All areas that will receive embankment fill shall be proof rolled. 
 
The upper 8 inches of native soils beneath areas to receive fill shall be scarified, moisture 
conditioned and compacted to a minimum of 92 percent of the maximum dry density (standard 
Proctor, ASTM D-698). 
 

1.5.2 Liner Subgrade 

At least 1 foot of the existing soils shall be removed beneath the area where the secondary 
(lower) liner is to be installed. 
 
Soils with excessive in-situ moisture content, high plasticity clays and any other material deemed 
unsuitable by the Engineer shall be excavated and removed to a waste stockpile.  These soils 
shall be replaced with suitable excavated material from other areas within the impoundment area. 
 
The upper 8 inches of native soils beneath areas to receive liner subgrade fill shall be scarified, 
moisture conditioned and compacted to a minimum of 92 percent of the maximum dry density 
(standard Proctor, ASTM D-698). 

 
1.6 FILL MATERIALS 

1.6.1 General 

The origin of any fill material in no way determines where it may be used in the Work.  The intent 
of this Specification is that available “on-site” materials will be used for construction on this project 
and that the use of “off-site” processed materials will be avoided as much as possible.  Materials 
for construction shall be obtained from designated stockpile areas and required re-grading or 
excavations.  All materials shall be free from deleterious substances such as rubbish, organics or 
other unsuitable materials, and must be approved by the Engineer either at the source or “in 
place.”  The Engineer will make every effort to designate unsuitable material to be wasted at the 
time the material is excavated.  It is the Contractor’s responsibility to determine the sources of fill 
which will be to the Engineer's satisfaction. 
 
The moisture content during compaction shall be maintained at or above optimum moisture 
content as determined by ASTM D-698.  The Contractor shall be responsible for obtaining the 
required moisture content prior to compaction regardless of the initial moisture condition. 
 

1.6.2 Embankment Fill 

Native materials that are considered suitable for embankment construction include: 

 Silty or clayey SAND, 

 Very sandy CLAY, and 

 SAND and GRAVEL. 
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Unsuitable materials include: 

 High plasticity clays or silts, and 

 Particles larger than 6 inches in dimension. 
 
The embankment fill material shall have a plasticity index of between 5 and 20 as determined in 
accordance with ASTM D-4318. 
 
Embankment fill shall be placed in lifts not exceeding 10 inches loose thickness and compacted 
to a minimum of 92 percent of the maximum dry density (standard Proctor, ASTM D-698) to the 
lines and grades shown on the drawings. 
 

1.6.3 Liner Subgrade Fill 

Native materials that are considered suitable for the liner subgrade construction include: 

 Clayey SAND 

 Clayey silty SAND, and 

 Sandy CLAY. 
 
Unsuitable materials include: 

 High plasticity clays or silts, and 

 Particles larger than 3/8 inch in dimension. 
 
Liner subgrade fill shall be placed in two 6 inch lifts and compacted and smooth rolled to a 
minimum of 92 percent of the maximum dry density (standard Proctor, ASTM D-698) to the lines 
and grades shown on the drawings.  The hydraulic conductivity of the compacted liner subgrade 
shall be no greater than 1 x 10-6 cm/s as verified by testing during construction Quality Assurance 
(QA) activities and determined by ASTM D-5084. 
 
The liner subgrade material shall have a plasticity index of between 5 and 20 as determined in 
accordance with ASTM D-4318.   
 
The Contractor shall at all times exercise care to avoid segregation of the material being placed 
and shall, if required by the Engineer, remove all pockets of segregated or undesirable material 
and replace it with material which matches the surrounding material.  After placement, some 
oversize materials, up to approximately 2 inches nominal diameter should be anticipated.  
Removal of oversize materials by blading, rock-raking, hand picking or other methods shall be 
required to meet the Specifications for finished surface preparation.   
 
The final surface of the liner subgrade shall be finish rolled using a smooth drum roller to provide 
a uniform surface for placement of the High Density Polyethylene (HDPE) liner.  The Earthwork 
Contractor shall protect the finished surface from desiccation cracking and erosion between 
placement activities and coverage of the secondary liner with the HDPE liner.  Protection is to 
include periodic moisture conditioning to prevent desiccation.  Areas which exhibit desiccation 
cracks or erosion shall be reworked prior to liner placement at the expense of the Earthworks 
Contractor. 

A-7 of 18



 

 6 of 16 VA101-448/2-2 
  Rev A 
  December 5, 2011 

The final compacted surfaces, upon which liner will be placed, shall be approved by the 
Geosynthetics Contractor.  Any areas not acceptable to the Geosynthetics Contractor will be 
repaired to the satisfaction of the Geosynthetics Contractor at the expense of the Earthworks 
Contractor. 
 
Prior to any HDPE liner placement, the grade of the prepared surface shall be checked through 
surveys by the Earthworks Contractor and the Owner.  The survey shall be adequate to 
demonstrate that no thin areas exist and that the surface has been properly graded.  These 
survey results must be submitted to the Engineer for review and approval prior to placement of 
HDPE liner.  Areas which in the opinion of the Engineer fail to provide proper fall (slope) or 
adequate drainage and/or vary significantly from the planned contours shall be re-graded to the 
satisfaction of the Engineer prior to liner placement. 
 

1.7 FILL PLACEMENT 

1.7.1 General 

 
All material used for fill shall be loaded and hauled to the placement site, dumped, spread and 
leveled to the specified layer thickness, moisture conditioned if required, and compacted to form a 
dense homogenous fill, as required by the Engineer.  The Contractor shall at all times exercise 
care to avoid segregation of the material being placed and shall, if required by the Engineer, 
remove all pockets of segregated or undesirable material and replace it with material which 
matches the surrounding material.  All oversized material shall be removed from the fill material 
either after scarification, prior to its being placed or after it is dumped and spread but before the 
compaction operations are started. 
 
Fill layers are to be constructed in near horizontal layers with each layer being completed over 
the full length and breadth of the zone before placement of subsequent layers.  Each zone shall 
be constructed only with materials meeting the specified requirements, as determined by the 
Engineer. 
 
If materials require moisture conditioning, the Contractor shall condition the material to the 
moisture content designated by the Engineer.  The Contractor shall adopt all measures 
necessary to achieve a moisture content suitable to achieve the required density.  The moisture 
content shall be distributed uniformly throughout the layer of material being placed, immediately 
prior to compaction, unless otherwise specified.  The Contractor shall adopt whatever measures 
are necessary to ensure that the designated moisture content is preserved after compaction, until 
the succeeding layer is placed. 
 
Under no circumstances shall fill be placed in water.  During construction, the surface of the fill 
shall be maintained with a crown or cross-slope that will ensure effective drainage.  The 
Contractor shall do whatever is necessary to prevent direct precipitation and surface runoff water 
from eroding fill materials placed for the Work and shall, at his own expense, repair any damage 
resulting from such erosion, using materials acceptable to the Engineer. 
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If the surface of the fill becomes too dry or hard to permit suitable bonding with the subsequent 
layer, the material shall be loosened by scarifying or disk harrowing, moisture conditioned and 
recompacted before an additional lift is placed. 
 
Should the surface of the fill become rutted or uneven subsequent to compaction, it shall be re-
leveled and re-compacted, by and at the expense of the Contractor, before the next layer of fill is 
placed. 
 
Except in areas approved by the Engineer, where space is limited or as otherwise specified, fill 
shall be placed by routing the hauling and spreading units approximately parallel to the long axis 
of fill.  The hauling units shall be so routed that they do not follow in the same paths but spread 
their traveled paths evenly over the surface of the fill whenever practical. 
 
The rolling pattern at all zone boundaries or construction joints shall be such that the full number 
of roller passes required in one of the adjacent zones or on one side of the construction joint 
extends completely across the boundary or joint. 
 

1.7.2 Compaction Equipment 

 
The Contractor shall provide sufficient compaction equipment of the types and sizes specified 
herein as is necessary for compaction of the various fill materials.  If the Contractor wishes to use 
alternative equipment, complete details of such equipment and the methods proposed for its use 
shall be submitted to the Engineer for approval.  The Engineer's approval of the use of alternative 
equipment will be dependent upon the Contractor’s demonstrating, to the satisfaction of the 
Engineer, that such alternative equipment will compact the material to the minimum required by 
the Specifications. 
 
The Contractor’s procedures for compaction of fill shall be subject to the approval of the 
Engineer.  Compaction of each layer of fill or subgrade shall proceed in a systematic, orderly and 
continuous manner approved by the Engineer such as to ensure that all of each layer receives 
the compaction Specified.  The compaction shall be carried out by routing the compaction 
equipment parallel to the axis of the fill, except that where such routing is impractical and where 
otherwise required by the Engineer, the compaction equipment may be routed in any direction 
approved by the Engineer. 
 
For compaction by the vibratory roller, coverage shall consist of a minimum of one pass of the 
roller.  A minimum overlap of 12 inches shall be maintained between the surfaces traversed by 
adjacent passes of the roller drum.  During compaction the roller shall be propelled at a speed 
appropriate to achieve the desired compaction with reasonable number of passes.  The power of 
the motor driving the vibrator shall be sufficient to maintain the specified frequency and 
centrifugal force under the most adverse conditions that may be encountered during the 
compaction of the fill.   
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Compaction equipment shall be maintained in good working condition at all times to ensure that 
the amount of compaction obtained is a maximum for the equipment.  The Contractor shall 
immediately make adjustments to the equipment to achieve this end when necessary. 
 

1.7.2.1 Smooth Drum Vibratory Roller 

 
Smooth drum vibratory rollers shall be equipped with a suitable cleaning device to prevent the 
accumulation of material on the drum during rolling.  Each roller shall have a total static 
weight of not less than 20,000 pounds at the drum when the roller is standing on level 
ground.  The drum shall be not less than 60 inches in diameter and 78 inches in width.  The 
vibration frequency of the roller drum during operation shall be between 1100 and  
1500 vibrations per minute and the centrifugal force developed by the roller at  
1250 vibrations per minute shall not be less than 38,000 pounds.  The smooth drum roller 
compactor shall also contain a timing device for indicating actual roller operating time. 
 

1.7.2.2 Sheepsfoot Roller 

 
The Contractor may be required to compact the fill with a sheepsfoot roller to achieve the 
required compaction of fine-grained cohesive soils.  Subgrade material which is 
conglomerated into blocks shall require compaction with the sheepsfoot roller to ensure that 
the intended permeability of the subgrade material is obtained. 
 
The sheepsfoot roller shall be a self-propelled, fully ballasted standard sheepsfoot design 
developing 6000 lbs in weight per linear foot of width at rest on level ground, or equivalent as 
approved by the Engineer.  Following compaction with a sheepsfoot roller, the final surface 
shall be bladed smooth and then proof-rolled with a smooth drum compactor until the surface 
is smooth, firm and free from projections. 
 

1.7.2.3 Special Compactors 

 
Special compactors shall be used to compact materials which cannot, in the opinion of the 
Engineer, be compacted by the specified sheepsfoot or vibratory rollers because of location 
or accessibility. 
 
The Contractor shall adopt special compaction measures such as hand-held vibratory 
compactors or other methods approved by the Engineer to compact fill in trenches, around 
structures and in other confined areas, which are not accessible to the larger vibratory roller 
or sheepsfoot roller.  Such compaction shall consist of not less than four passes of the 
compaction equipment. 
 
Before commencing Work with the proposed compaction equipment, the Contractor shall 
provide the Engineer with a list of each piece of equipment to be used, together with the 
Manufacturer's Specification. 
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1.7.2.4 Fill in Restricted Areas 

 
This Specification shall apply in areas where space does not allow the use of large 
equipment for compaction or where the use of such large equipment will not be permitted. 
 
Fill to be placed in restricted areas shall be placed in layers thin enough (and of maximum 
compacted layer thickness of 6 inches) for the smaller compaction equipment being used to 
obtain the required density.  All cobbles and boulders exceeding one half of the layer 
thickness shall be removed. 
 

1.7.3 Construction Tolerances 

 
The Contractor shall construct the facility to the lines and grades shown on the Drawings, or as 
required by the Engineer, within the following tolerances: 
 

 

 

Maximum Permissible Deviation 

Center Line Grade 

Embankment/Pond/Channel, etc. 
Surfaces 

+ 12 inches 
+ 6 inches 

- 0 inches 

Embankment/Pond/Channel, etc. 
Crest 

+ 12 inches 

-0 inches 

+ 6 inches 

- 0 inches 

Liner Subgrade Not Applicable 
+ 4 inches 

- 0 inches 

 
Measurements for thickness and quantity of the liner subgrade material shall be conducted using 
a grid with a maximum spacing of 50 feet.  If in the Engineer’s or Owners opinion the 50 foot 
spacing is not adequate, then a tighter survey will be required.  Stake-out for construction may be 
conducted on a wider spacing, providing the project requirements are being met. 

 
1.8 ANCHOR TRENCHES 

All anchor trenches shall be excavated and backfilled by the Contractor. 
 
Backfill to anchor trenches is to consist of embankment fill material, with a maximum particle size of  
1/2 inch in diameter. 
 
Backfill will be carefully placed so as not to damage the liner and shall be compacted in layers not 
exceeding 6 inches (after compaction) but may require thinner lifts to achieve compaction.  Compaction of 
the anchor trenches may be performed by wheel rolling. 
 
Where anchor trenches are to be removed, the existing HDPE liner above the anchor trench must be cut 
with a knife parallel to the anchor trench.  After cutting the liner, the anchor trench (including all liner and 
geotextile) shall be removed with mechanized equipment. 
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SECTION 2.0 - WILDLIFE FENCING 

2.1 GENERAL 

This Specification defines the requirements for steel mesh and wildlife fencing materials and installation 
as shown on the Drawings or as required by the Engineer.  Any alternatives, equivalents or exceptions to 
this Specification shall be submitted in writing to the Engineer and shall be approved in writing prior to 
implementation of the Work. 
 
The following publications of the latest issue are a part of this Specification, except where replaced or 
revised by local codes or ordinances having jurisdiction, in which case the more stringent shall govern: 

 ASTM A-53, A-116, A-120, A-21 

 AASHTO M-181 

 Mine Health and Safety Administration Code of Federal Regulations - Title 30 (Mineral 
Resources), and 

 In particular, fencing materials and installation shall comply with the requirements and regulations 
of the Arizona Game and Fish Department and any other specific requirements set by the Owner. 

 
Posts for corner panels and gate panels shall be galvanized, standard weight steel pipe conforming to the 
requirements of ASTM A-120 except that the hydrostatic test will not be required. 
 
At the Contractor’s option, pipe posts conforming to the requirements of AASHTO M 181, Grade 2, may 
be substituted. 
 
Posts and braces shall conform to the following requirements: 
 

Location Min. Size (inches) Min. Weight (lbs/ft) 

End, Corner and Pull 2.375 O.D. 3.65 

Braces 1.660 O.D. 2.27 

Line 1.900 O.D. 2.72 

Gate - Single to 6 ft. or 
 Double to 12 ft. 

2.375 O.D. 3.65 

 
Brace wire shall be 8-gauge medium temper, with minimum 55,000 psi tensile strength, and shall be 
galvanized in accordance with the requirements of ASTM A-121. 
 
The corners of the gate frames shall be fastened together and reinforced with malleable iron fittings 
designed for the purpose of welding. 
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Fence fabric as specified for the fence shall be attached to the gate frame by use of stretcher bars and tie 
wires as specified for fence construction and suitable tension connectors, spaced at approximately 1-foot 
intervals. 
 
Pedestrian gates shall be 3-1/2 feet-wide and of the height corresponding to the adjacent fence.  The 
gate frame shall be constructed of not less than ¾ inch galvanized standard weight pipe conforming to 
the dimensions, nominal weights and galvanizing specified in ASTM A-53 except that the hydrostatic test 
will not be required. 
 
All gates shall be furnished complete with approved hinges, latches, drop rod and auxiliary braces as 
required.  The gate hinges shall permit the gate to swing 180 degrees. 
 
The fence shall consist of chain link material, installed to a height of 8 feet.  The chain link fabric and 
required fittings and hardware shall conform to the requirements of AASHTO M 181 Type I or II.  The wire 
used for the link fabric shall be 11 gauge and the mesh size shall be 2 inches.   
 
Posts shall be placed on maximum 12-foot centers and shall be placed in a vertical position except in 
unusual locations where, in the opinion of the Engineer, it would be more satisfactory to place the post 
perpendicular to the slope of the ground. 
 
All line posts shall be of a total length of not less than 1 foot-6 inches below ground, plus 8 feet above 
ground.  Corner and gate brace panel posts shall be not less than 2 feet-6 inches below ground and 8 
feet above ground and set in concrete. 
 
Changes in line where the angle of deflection is 30 degrees or more shall be considered as corners and 
corner posts shall be installed. 
 
Between posts, the chain link portion of the fence shall be securely fastened on either side to a bottom 
and a top tension wire.  The wire shall be at least 7-gauge galvanized coil spring wire.  
 
End, corner and gateposts shall be braced with galvanized braces used as compression members and 
galvanized steel truss rods with truss tighteners used as tension members.  The chain link shall be 
stretched taut and securely fastened to the line post fastenings at 12-inch intervals.   
 
The bottom of the chain link fabric shall be placed at least 14 inches below the finished ground surface to 
prevent animals from securing access under the fence.  The Contractor shall level the ground to remove 
mounds or depressions under the fence.  The fabric shall be fastened to the end, corner, gateposts and 
intermediate braced posts with ¼ inch x ¾ inch steel stretcher bar bands placed at one-foot intervals and 
to the line post tension wires with tie wires or metal bands at 18-inch intervals. 
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SECTION 3.0 - QUALITY CONTROL AND QUALITY ASSURANCE PROCEDURES 

3.1 GENERAL 

 
It will be the responsibility of the Engineer to assess whether the Work carried out by the Contractor 
meets the requirements of the Specifications.  This will not, however, relieve the Contractor of 
responsibility under the contract for sub-standard work.  To help ensure that the Work carried out by the 
Contractor meets the requirements of the Specifications, the Contractor shall be responsible for all 
Quality Control (QC) testing for the duration of the project.  The Engineer will perform Quality Assurance 
(QA) testing.  Quality Control testing shall be performed ahead of QA testing.   
 
The Contractor shall give the Engineer full cooperation in sample collection or performing tests and shall 
render such assistance as is necessary to enable sampling and testing to be carried out expeditiously.  
The Contractor shall allow sufficient time for the Engineer to perform the required test work as each 
section of the Work is completed.  The performing of such tests or the time taken to interpret their results 
shall not constitute grounds for a claim by the Contractor for additional compensation or an extension of 
time. 
 
Tests will be performed in accordance with the principles and methods prescribed by the ASTM and other 
such recognized authorities. 
 
The Engineer's staff will normally consist of a Project Engineer and a sufficient number of Lab/Field 
Technicians to assure that Work is being accomplished according to the Specifications.  The Lab/Field 
Technicians will report directly to the Project Engineer and will be responsible for the day-to-day operation 
of the site laboratory, performing field tests and assisting the Project Engineer in the inspection of the 
Work. 
 
The Project Engineer will have overall responsibility for the site Work and will report directly to the 
Owner's Representative.  The Project Engineer will be responsible for all inspection and testing 
procedures as well as interpretation of the test results.  Liaison with regulatory agencies will be carried 
out through the Owner. 
 

3.2 EARTHWORKS QUALITY CONTROL 

 
Inspection of the earthworks will involve examination of materials being used for construction to ensure 
compliance with the material requirements, moisture conditioning, spreading procedures, layer thickness 
and compaction requirements.  Testing frequencies shall be the same for QC as QA for the tests 
indicated in Section 4.0 of these specifications.  Material QC should be completed before the material 
reaches the site of final placement.  General inspection will also be a necessary addition to routine 
testing.   
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3.3 TEST REQUIREMENTS 

 
To ensure that satisfactory testing and inspection is maintained and design objectives are achieved, 
specific testing requirements will be implemented for all materials placed.  Tests to be carried out will be 
divided into two categories: QC tests and records tests. 
 
QC testing will be used to determine whether the materials comply with the Specifications prior to 
placement.  During placement and after completion of the Work, record tests will be carried out to 
establish the results achieved and to assess whether the minimum required densities have been met.  
QC tests will be conducted by the Contractor’s representative; record test are the tests conducted by the 
Engineer’s QA team.  The Contractor shall submit a QC Plan to the Owner for review prior to 
commencement of the Work.  The Engineer may occasionally consider some of the tests conducted by 
the QA team as QC tests in order to facilitate completion of the project. 
 
QC and record tests will be carried out on all materials used in the Work, as and when required, and shall 
include the following: 

 Particle size distribution of the liner subgrade and embankment fill materials.  Samples for these tests 
shall be obtained from the material source and samples of material after placing and spreading. 

 Atterberg limit tests on fill materials to determine liquid limit, plastic limit and plasticity index. 

 Field density and moisture tests of the material to be used as the liner subgrade and embankment fill. 

 Proctor compaction tests (ASTM D-698) on each type of material placed in the fill requiring field 
density tests.  Samples for these tests shall be obtained from stockpiles, borrow areas and samples 
from in-place material. 

 In situ and laboratory permeability tests on liner subgrade materials (record test by the Engineer’s 
team only). 

 
The procedures for the above tests will be the ASTM standard tests listed on the table below.  The testing 
frequency shall be as indicated on the table in Section 4.0 of this report.  The tests will be performed at 
least the minimum number of times indicated.  The Engineer may increase the number of tests taken; 
however, any reduction in the minimum number or frequency requires the approval of the Owner and the 
Engineer. 
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Summary of Testing 

Methods for Earthworks 

Type of Test Test Method (ASTM) 

Atterberg Limits D-4318 

Moisture Content 

a) Laboratory 

b) In-Place 

 

D-2216 

D-3017 

Size Distribution C-136/D-422 * 

Laboratory Compaction  D-698 

Field Density 

a) Nuclear 

b) Sand Cone 

c) Water Replacement 

 

D-2922 

D-1556 

D-2167 

Permeability 

a) Laboratory 

b) In Situ 

 

D-5084 

Air Entry Permeameter 
* No hydrometer analysis will be run but samples will be washed over a #200 sieve. 

 

3.4 REPORTING 

 
The Engineer will prepare daily progress reports throughout the period of construction.  The reports will 
summarize pertinent construction activities and results of testing completed during the period as well as 
highlight any difficulties encountered. 
 

3.5 TEST RECORDS 

 
The Engineer will maintain a record of all tests.  The tests will be recorded on a form applicable to the test 
being performed.  The location of all tests will be recorded and accurately described.  A plan indicating 
the locations of all tests will be maintained. 
 

3.6 CONSTRUCTION REPORT 

 
On completion of the Work, the Engineer will prepare a construction report which will include a summary 
of results from all tests carried out as part of the QA program and construction record Drawings.  The 
construction report will be approved and sealed by an Arizona P.E. and submitted to Curis for submittal to 
the appropriate state regulatory agencies. 
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SECTION 4.0 - TESTING FREQUENCIES 

Standard procedures will be used for all activities and in general will be those adopted by recognized 
organizations, such as the American Society of Testing and Materials (ASTM) and the American Concrete 
Institute (ACI).  The following table outlines the minimum testing requirements for the project. 
 

Summary of Test Frequencies 

Test Designation Test Frequency 

Embankment Subgrade: 

Atterberg Limits (QC and QA) 

 

Minimum one per soil type or one per 
60,000 sy, whichever is more frequent. 

Grain Size Distribution (QC and QA) Minimum one per soil type or one per 
60,000 sy, whichever is more frequent. 

Laboratory Compaction (QC and QA) Minimum one per soil type or one per 
60,000 sy, whichever is more frequent. 

In-Place Density and Moisture (QC and QA) Minimum one per 7,500 sy. 

Embankment Fill: 

Atterberg Limits (QC and QA) 

 

Minimum one per soil type or one per 
20,000 cy, whichever is more frequent. 

Grain Size Distribution (QC and QA) Minimum one per soil type or one per 
20,000 cy, whichever is more frequent. 

Laboratory Compaction (QC and QA) Minimum one per soil type or one per 
20,000 cy, whichever is more frequent. 

In-Place Density and Moisture (QC and QA) Minimum one per 2,500 cy placed. 

Sand Cone (QA) Minimum one per 50 in-place density and 
moisture. 

Liner Subgrade: 
             Atterberg Limits (QC and QA) 

 
One per 5,000 cy placed. 

Grain Size Distribution (QC and QA) One per 5,000 cy placed. 

Laboratory Compaction (QC and QA) Minimum one per soil type or one per 
20,000 cy, whichever is more frequent. 

Laboratory Permeability (QA) Minimum one per 100,000 sy per lift. 

In Situ Permeability (AEP) (QA) Minimum one per 100,000 sy per lift. 

In-Place Density and Moisture (QC and QA) Minimum one per 2,500 sy per lift 

Sand Cone (QA) Minimum one per 25 in-place density and 
moisture. 
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SECTION 5.0 - CERTIFICATION 

This report was prepared, reviewed and approved by the undersigned. 
 
 
 
 
 
 
Prepared: 

 Daniel Friedman, P.Eng. 
 Senior Engineer 
 
 
 
 
 
 
Reviewed: 

 Rick Frechette, P.E. 
 Manager – Arizona Operations 
 
 
 
 
 
 
Approved: 

 Ken J. Brouwer, P.E. 
 Managing Director 
 
 
 
 
 
 
 
 
 
This report was prepared by Knight Piésold Ltd. for the account of Curis Resources (Arizona) Inc.  The material in it reflects Knight 
Piésold’s best judgment in light of the information available to it at the time of preparation.  Any use which a third party makes of this 
report, or any reliance on or decisions to be made based on it, is the responsibility of such third parties.  Knight Piésold Ltd. accepts 
no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions, based on this report.  This 
numbered report is a controlled document.  Any reproductions of this report are uncontrolled and may not be the most recent 
revision.  

 
 

A-18 of 18



 

  VA101-448/4-1 
  Rev 1 
  March 1, 2012 

APPENDIX B 
 

GEOTECHNICAL SITE INVESTIGATION FOR PTF 
 

(Pages B-1 to B-52) 



 
 
 
 
 
 
 
 

Curis Resources (Arizona) Inc. 
Production Test Facility 

Geotechnical Site Investigation 

 

December 12, 2011 

 
 
 

prepared for: 
Curis Resources (Arizona) Inc. 

1575 W. Hunt Highway 
Florence, Az. 85132 

Telephone:  (520) 374-3984 
Fax:  (520) 374-3999 

 
 
 

prepared by: 

Knight Piésold and Co. 
3275 West Ina Road, Suite 109 

Tucson, Arizona 85741 USA 
Telephone:  (520) 807-1114 
Facsimile:  (520) 807-1704 

 
 
 

KP Project No. TU101-00448.03 
 
 
 

Rev. No. Date Description Knight Piésold Client 

0 12/12/2011 Geotechnical Report R. Frechette Dan Johnson 

     

 
 

B-1 of 52



 

 
Geotechnical Site Investigation, Rev 0 

i 
 

Curis Resources (Arizona) Inc. 
Production Test Facility 

Geotechnical Site Investigation 
 

Table of Contents 

 Page 
 
Executive Summary ................................................................................................ ES-1 

Section 1.0 - Introduction .......................................................................................... 1-1 
1.1  General ......................................................................................................................................... 1-1 

1.1.1  Objectives ......................................................................................................................... 1-1 
1.2  Limitations and Disclaimer ............................................................................................................ 1-1 
1.3  Contributors and Contacts ............................................................................................................ 1-1 

Section 2.0 - Site Description .................................................................................... 2-1 
2.1  Geographical Location .................................................................................................................. 2-1 
2.2  Climate .......................................................................................................................................... 2-1 
2.3  Surface Conditions ........................................................................................................................ 2-1 
2.4  Geotechnical Characteristics ........................................................................................................ 2-1 

Section 3.0 - Site Investigation ................................................................................. 3-1 
3.1  Drilling program ............................................................................................................................. 3-1 
3.2  Constant/Falling Head Test .......................................................................................................... 3-1 

Section 4.0 - Laboratory Test .................................................................................... 4-2 
4.1  Laboratory Tests ........................................................................................................................... 4-2 

Section 5.0 - Conclusions .......................................................................................... 5-1 
5.1  Conclusion .................................................................................................................................... 5-1 

Section 6.0 - References ............................................................................................ 6-1 
 
 
 

Drawings 
Drawing No.  Rev No. Title 
TU1010044803-001  0 Borehole Location 
 
 

Photos 
Borehole PD-1 Facing East 
Borehole PD-2 Facing West 
Borehole PD-2 Cuttings from 13’ to termination 
Borehole PP-1 Facing Southwest 
Borehole PD-3 Location Facing West 

B-2 of 52



 

 
Geotechnical Site Investigation, Rev 0 

ii 
 

Borehole PD-6 Location Facing Northwest 
Borehole PP-7 Cuttings from Surface to 5’ Depth 
Borehole PP-6 Location Facing North 
 
 

Appendices 
Appendix A    Borehole Logs 
Appendix B    Laboratory Test Results 
Appendix C   Terracon Report  
 
 
 
 
 

B-3 of 52

sgross
Rectangle



 

 
Geotechnical Site Investigation, Rev 0 

1-1 
 

Curis Resources (Arizona) Inc. 
Production Test Facility 

Geotechnical Site Investigation 
 

Section 1.0 - Introduction 

1.1 General 
Knight Piésold was retained by Curis Resources (Arizona) Inc. to conduct a geotechnical site 
investigation and to characterize the ground surface conditions on State Land property located 
approximately 2.5 miles northwest of Florence, Arizona for the proposed Phase I Production Test Facility 
(PTF).  

1.1.1 Objectives 

The objective of this report is to provide geotechnical recommendations for the design and construction of 
the project facilities. This report presents the following: 
 

 General site description including location, climate, geotechnical characteristics and surface 
conditions. 

 Field investigation of the proposed facility area including the drilling program and other tests 
performed. 

 Laboratory testing and results. 

 

1.2 Limitations and Disclaimer 
This report titled Geotechnical Site Investigation has been prepared by Knight Piésold and Co. (Knight 
Piésold) for the exclusive use of Curis Resources (Arizona) Inc.  No other party is an intended beneficiary 
of this report or the information, opinions, and conclusions contained herein.  Any use by any party other 
than Curis Resources (Arizona) Inc. of any of the information, opinions, or conclusions is the sole 
responsibility of said party.  The use of this report shall be at the sole risk of the user regardless of any 
fault or negligence of Curis Resources (Arizona) Inc. or Knight Piésold. 
 
The information and analyses contained herein have been completed to a level of detail commensurate 
with the objectives of the assignment and in light of the information made available to Knight Piésold at 
the time of preparation.  This report and its supporting documentation have been reviewed and/or 
checked for conformance with industry-accepted norms. To the best of the information and belief of 
Knight Piésold, the information presented in this report is accurate to within the limitations specified 
herein. 
 
This report is Knight Piésold pdf file:  CurisResGSI.pdf.  Any reproductions or modifications of this report 
are uncontrolled and may not be the most recent revision.   
  
 
 

1.3 Contributors and Contacts  
This report was prepared, reviewed and approved by the undersigned. 
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Prepared by:  
 Jennifer N Hall, P.E. 

Staff Engineer/Scientist 
 
 
 
  
  
 
 
 
Approved by:  
 Rick Frechette, P.E. 

Arizona Operations Manager 
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Section 2.0 - Site Description 

2.1 Geographical Location 
The Production Test Facility area is located in the Sonoran Desert Region of southern Arizona. The area 
is typical of the Sonoran Plains biome of the seven Sonoran Desert area types. Climate is considered 
bimodal with a summer and winter wet season, with summer being more predominate. 

2.2 Climate 
The climate is semi-arid with bimodal precipitation seasons, as mentioned, and an estimated average 
annual precipitation of approximately 10 inches. Evaporation greatly exceeds precipitation. Temperatures 
range from highs of 120° F in the summer to lows of 10° F in the winter. 
 

2.3 Surface Conditions 
The PTF area is located within the flood plain region of the Gila River consisting of native desert 
vegetation of assorted desert grasses, Palo Verde trees and creosote. The soils consist primarily of 
cobbles and gravels overlain by alluvium deposits from the Gila River. The site is relatively flat with a 
slight slope in the south direction toward the Gila River. Several archeological site have been identified 
along the Gila River as well as within the PTF site location.  
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Section 3.0 - Site Investigation 

3.1 Drilling program 
A total of 13 boreholes and two test-pits were to be advanced within the PTF area, however due to the 
abundance of archeological sites located within the PTF area only eleven boreholes were advanced. The 
lack of archeologically cleared areas to conduct the additional investigation and obtain relative information 
limited the scope of the investigation. 
 
The drilling was performed on October 26 to October 31, 2011 by Yellow Jacket drilling. A total of eleven 
borings were advanced as a part of the PTF drilling program. The locations of the borings are shown on 
Drawing TU1010044803-001. 
 
The borings were advanced using a hollow stem auger drill rig with a 4-1/4 inch inner diameter for 
sampling. The boreholes were advanced to depths of 25 to 50 feet. Refusal was encountered in borehole 
PD-2 at a depth of 48 feet on a cobble layer.  
 
The advantage of auger drilling is being able to perform standard penetration tests (SPT) and obtaining 
relatively undisturbed samples for further testing. Lined Standard penetration tests (SPT) as well as 
unlined SPT samples were obtained at 5-feet intervals or less. The SPT samples also provides blow 
count N-values, which have been correlated to the relative density of subsurface soils. Five Shelby tubes 
were also advanced within the top five feet of subsurface soil for further testing.  Bulk samples were 
obtained from the cuttings from the surface to a depth of 2-1/2 feet for further testing and investigation. 
 
The material encountered within the boreholes are listed below: 

 Silty SAND with varying amounts of clay and gravel (SM) 
 Clayey SAND with silt trace amount of gravel (SC) 
 Sandy GRAVEL trace silt (GP-GM) 
 Gravelly SAND with varying amounts of silt (SP) 
 GRAVEL with trace amount of sand and silt (GP) 

 
Boring logs are located in Appendix A  
 

3.2 Falling Head Test 
Two falling head tests were performed within the proposed pond location. The falling head tests were 
performed within the 50 foot borehole and the 48 foot borehole. The boreholes were advanced to 
termination depth or auger refusal and then a few feet of the hollow stem auger were backed out of the 
hole. The removal of the auger allowed for water to flow to the sub-surface soils without impediment. 
Water was then pumped into the auger in the attempt to create a hydraulic head. The time that it took the 
water to fall a specific distance was then recorded. The hydraulic conductivity of the soil can then be 
calculated from the results.  
 
The first falling head test was performed within borehole PD-1. Due to the coarse material encountered 
below the fine grained silty SAND and clayey SAND a hydraulic head was never obtained. The pumping 
rate could not keep up with the flow capacity of the coarse grained material. The second falling head test 
was performed within borehole PD-2, however due to obstruction by a cobble lodged at the bottom of the 
hollow stem auger the results are deemed to be inconclusive, The cobble impeded the flow of water to 
the surrounding lithology.  The lack of noticeable water within the auger suggests a relatively high 
hydraulic conductivity and porous material.  The material encountered below the fine grained silty SAND 
and clayey SAND  consists of coarse material. Typical hydraulic conductivity for GRAVEL material is 2.5 x 
10-2 centimeter per second. Using a similar hydraulic conductivity for the coarse grained material 
encountered below the fine grained silty SAND and clayey SAND is conservative.   
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Section 4.0 - Laboratory Test  

4.1 Laboratory Tests 
Samples retrieved from the shallow fine grained silty SAND and clayey SAND within the boreholes was 
organized, compared and selected samples were taken to a geotechnical laboratory for testing. All 
laboratory tests were conducted on samples taken from the surface to a maximum depth of 5 feet 
Representative materials were subjected to index testing: i.e. grain size analysis and Atterberg Limits 
testing. A sample containing enough material to perform index tests were not obtain due to the coarse 
nature of the material below the shallow fine grained silty SAND and clayey SAND material. Shelby tube 
samples from the boreholes were subjected to in-situ moisture/density testing. Bulk samples retrieved 
from depths of 2.5 to 5 feet below ground surface were combined to produce a sample for a standard 
Proctor and a flex-wall permeability test.  
 
Terracon Consultants conducted the index tests, in-situ moisture/density, and standard Proctor. Knight 
Piesold Denver Laboratory conducted the flex-wall permeability test. The laboratory test results are 
provided in Appendix B. 
 
The tested samples indicate that the material is low to non-plastic with ten percent or less gravel content. 
The fines content varies from 45 to 62 percent fines with the remainder consisting of sand. These material 
types are classified as SM, SC or a dual classification of CL-ML in the Unified Soil Classification System 
(USCS). The material encountered below the fine grained silty SAND and clayey SAND consists of 
cobbles, gravel and sands. These types of material are classified as GP, SP or GP-GM in the USCS. 
 
The in-situ moisture density measurements performed on the Shelby tubes yield a dry unit weight ranging 
in the 70 to 80 percentile of the maximum dry density resulting from the standard Proctor. The moisture 
content is significantly less than the optimum water content determined from the standard Proctor. The 
table below gives the dry unit weight and moisture contents for each sample.  
 

Table 1 

Sample I.D. Sample Depth (ft.) 

Shelby Tube Proctor (ASTM D698) 
In-situ Dry 

Unit Weight 
(pcf) 

In-situ 
Moisture (%) 

Maximum Dry 
Unit Weight 

(pcf) 

Optimum 
Moisture (%) 

PD-1.1 0-2.5 91 1.0 NA NA 
PD-2 0.2.5 94 1.7 NA NA 
PD-2 2.5-4.9 90 4.7 NA NA 
PP-7 0-2.5 84 5.5 NA NA 

Composite 0-5 NA NA 118.2 11.0 
 
 
A flex-wall permeability test was performed on the fine grained silty SAND and clayey SAND material. A 
combined sample of material obtain from 2.5 to 5 feet below ground surface was remolded to 97 percent 
of the standard Proctor with a moisture content of 11.6 percent. The samples were tested at confining 
pressures of 5 and 15 pounds per square inch (psi). The permeability’s ranged from 3.7x10-6 and 1.2x10-6 

centimeters per second (cm/sec). 
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Section 5.0 - Conclusions 

5.1 Conclusion 
 
A total of 11 boreholes of a planned 13 boreholes and two test-pits were advanced to depths of 25 to 50 
feet. Due to the extent of archeological sites, access was restricted and two of the planned boreholes and 
all of the test-pits were not performed. The boreholes were advanced with a hollow stem auger drill rig. 
 
Several samples which included; Shelby tubes, lined and unlined split spoons were taken at a minimum 
of 5 feet or less within the 11 boreholes. These samples were then compared and laboratory tests were 
conducted. The laboratory tests included sieve analysis, Atterberg limits, standard Proctor (ASTM D698), 
flex wall permeability and in-situ moisture/density. The material encountered, as confirmed by the 
laboratory testing, consist of silty SAND with varying amounts of clay and gravel, and clayey SAND with 
silt and trace amounts of gravel extending from the surface to depths between 10 to 20 feet. The material 
encountered below  the fine grained silty SAND and clayey SAND to the maximum depth of exploration 
consists of GRAVEL with varying amounts of sand and silt. The in-situ moisture content of the material 
from the surface to a depth of 5 feet ranged from 1.0 to 5.5 percent. The in-situ dry unit weight/density of 
the material from the surface to a depth of 5 feet ranged from 84 to 94 pound per cubic feet (pcf). 
Permeability of the fine grained soils remolded to 97 percent of a standard Proctor with confining 
pressures of 5 to 15 psi ranged from 3.7x10-6 and 1.2x10-6 cm/sec.  
 
Two falling head tests were performed in two of the boreholes that were advance to approximately 50 
feet. These tests were inconclusive due to the auger being plugged with a cobble and the inability to 
achieve a noticeable column of water within the auger due to the very high percolation rates. In absence 
of a measured pumping rate for the rig, a hydraulic conductivity of 2.5 x 10-2 centimeter per second for 
gravel can be considered a conservative estimate for permeability of the lower lithology. 
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Borehole PD-1 Facing East 

 

Borehole PD-2 Facing West 
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Borehole PD-2 Cuttings from 13’ to termination 

 

Borehole PP-1 Facing Southwest 
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Borehole PD-3 Location Facing West 

 

Borehole PD-6 Location Facing Northwest 
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Borehole PP-7 Cuttings from Surface to 5’ Depth 

 

Borehole PP-6 Location Facing North 
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ML

GP

sandy CLAY and SILT trace gravel, dense to very dense, low to non-plastic fines, dry, light
brown with white viens

sandy GRAVEL trace silt, dense to very dense, non-plastic fines, dry, gray brown with red
rock, sub-round to round gravel

1

2

3

4

18

18

18

6

5/16/24

14/36/50³

6/6/15

6/22/50³

U
S

C
S

C
la

s
s
if
ic

a
ti
o

n

Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes

U
S

C
S

 G
ra

p
h

ic

S
a

m
p

le
N

u
m

b
e

r

R
e

c
o

v
e

ry

S
a

m
p

le
T

y
p

e

B
lo

w
 C

o
u

n
t

D
e

p
th

 (
)

5

10

15

20

Sheet 1 of 3
Boring # PD-1

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/26/2011 at 11:22:00 AM

Date/Time Finished: 10/26/2011 at 4:00:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Northeast corner of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 51.5

Northing: 746943.2

Surface Elevation:

Easting: 851079.8
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GP Drove rock
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Sheet 2 of 3
Boring # PD-1

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/26/2011 at 11:22:00 AM

Date/Time Finished: 10/26/2011 at 4:00:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Northeast corner of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 51.5

Northing: 746943.2

Surface Elevation:

Easting: 851079.8
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GP

CL

SC

silty CLAY, medium dense, medium plastic fines, moist, brown

clayey SAND with silt, medium to very dense, low to medium plastic fines, moist, brown

Drove rock
9

10

11

12

0

8

12

12

50³

4/4/7

46/29/24

9/11/13

U
S

C
S

C
la

s
s
if
ic

a
ti
o

n

Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes

U
S

C
S

 G
ra

p
h

ic

S
a

m
p

le
N

u
m

b
e

r

R
e

c
o

v
e

ry

S
a

m
p

le
T

y
p

e

B
lo

w
 C

o
u

n
t

D
e

p
th

 (
)

45

50

Sheet 3 of 3
Boring # PD-1

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/26/2011 at 11:22:00 AM

Date/Time Finished: 10/26/2011 at 4:00:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Northeast corner of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 51.5

Northing: 746943.2

Surface Elevation:

Easting: 851079.8
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SM

GP

silty SAND trace clay and gravel, low to non-plastic fines, dry, light brown

GRAVEL trace sand and silt, very dense, non-plastic fines, dry, gray

Shelby tube pushed from surface to 2.5' below ground
surface.

Shelby tube pushed from 2.5' below ground surface to 5'
below ground surface.
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SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/31/2011 at 10:00:00 AM

Date/Time Finished: 10/31/2011 at 12:46:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: BK 81Drilling Contractor: Yellow Jacket

Drilled by: David

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Northwest corner of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 48.5

Northing: 746831.2

Surface Elevation:

Easting: 851551
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GP

GP

silty GRAVEL, very dense, non-plastic fines, dry, gray brown, sub-round to round gravel
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SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/31/2011 at 10:00:00 AM

Date/Time Finished: 10/31/2011 at 12:46:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: BK 81Drilling Contractor: Yellow Jacket

Drilled by: David

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Northwest corner of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 48.5

Northing: 746831.2

Surface Elevation:

Easting: 851551
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GP

Large cobble lodged in bottom of auger.
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SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/31/2011 at 10:00:00 AM

Date/Time Finished: 10/31/2011 at 12:46:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: BK 81Drilling Contractor: Yellow Jacket

Drilled by: David

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Northwest corner of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 48.5

Northing: 746831.2

Surface Elevation:

Easting: 851551
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SM

SM

SP

silty SAND with clay trave gravel, loose to very dense, low to non-plastic fines, dry, light
brown

decrease in clay content

gravelly SAND with silt, dense to very dense, non-plastic fines, dry, brown, sub-round to
round gravel
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Boring # PD-3

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 11:00:00 AM

Date/Time Finished: 10/27/2011 at 12:30:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: North of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 747213.7

Surface Elevation:

Easting: 850995.1
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SP

SC
clayey SAND, very dense, low to medium plastic fines, dry, brown
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SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 11:00:00 AM

Date/Time Finished: 10/27/2011 at 12:30:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: North of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 747213.7

Surface Elevation:

Easting: 850995.1
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SM

SC

SP

silty SAND with clay trace gravel, medium dense, low to non-plastic fines, dry, brown

clayey SAND with silt trace gravel, medium dense to dense, low to medium plastic fines, dry,
brown and white

gravelly SAND with silt, very dense, non-plastic fines, dry, gray brown
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Boring # PD-6

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 7:50:00 AM

Date/Time Finished: 10/27/2011 at 8:51:00 AM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: West of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746639

Surface Elevation:

Easting: 850650.5
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SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 7:50:00 AM

Date/Time Finished: 10/27/2011 at 8:51:00 AM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: West of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746639

Surface Elevation:

Easting: 850650.5
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SM

SC

SP

silty SAND trace gravel, medium to very dense, non-plastic fines, dry, light brown

clayey SAND, medium dense, low to medium plastic fines, dry, brown

gravelly poorly graded SAND trace silt, medium to very dense, non-plastic fines, sub-round to
round gravel, dry, gray brown
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Boring # PP-1

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 3:30:00 PM

Date/Time Finished: 10/27/2011 at 4:30:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 745967.8

Surface Elevation:

Easting: 848439.9
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 2 of 2
Boring # PP-1

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 3:30:00 PM

Date/Time Finished: 10/27/2011 at 4:30:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 745967.8

Surface Elevation:

Easting: 848439.9
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SM

SP

silty SAND with clay trace gravel, medium dense, low to non-plastic fines, dry, brown and
white

gravelly SAND trace silt, medium to very dense, non-plastic fines, dry, gray brown, sub-round
to round gravel
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 1 of 2
Boring # PP-2

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 9:00:00 AM

Date/Time Finished: 10/28/2011 at 9:54:00 AM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746061.5

Surface Elevation:

Easting: 849046.3
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 2 of 2
Boring # PP-2

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 9:00:00 AM

Date/Time Finished: 10/28/2011 at 9:54:00 AM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746061.5

Surface Elevation:

Easting: 849046.3
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SC

SC

clayey SAND with silt trace gravel, medium dense to dense, low to non-plastic fines, dry, light
brown

increase in gravel, sub-round to round gravel

clayey SAND, very dense, low to non-plastic fines, dry, brown with white viens

Attempted shelby tube. Due to density of soil shelby tube
crushed.
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Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes

U
S

C
S

 G
ra

p
h

ic

S
a

m
p

le
N

u
m

b
e

r

R
e

c
o

v
e

ry

S
a

m
p

le
T

y
p

e

B
lo

w
 C

o
u

n
t

D
e

p
th

 (
)

5

10

15

20

Sheet 1 of 2
Boring # PP-3

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 10:18:00 AM

Date/Time Finished: 10/28/2011 at 11:20:00 AM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26

Northing: 746484.6

Surface Elevation:

Easting: 849397.5
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SP

gravelly SAND with silt, very dense, non-plastic fines, dry, light gray brown
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 2 of 2
Boring # PP-3

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 10:18:00 AM

Date/Time Finished: 10/28/2011 at 11:20:00 AM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26

Northing: 746484.6

Surface Elevation:

Easting: 849397.5
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SM

SP

silty SAND with clay trace gravel, medium dense, low to non-plastic fines, dry, brown and
white

gravelly SAND with silt, dense to very dense, non-plastic fines, dry, brown
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Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 1 of 2
Boring # PP-4

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 1:30:00 PM

Date/Time Finished: 10/28/2011 at 2:30:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26

Northing: 746451.3

Surface Elevation:

Easting: 849835.2
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 2 of 2
Boring # PP-4

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 1:30:00 PM

Date/Time Finished: 10/28/2011 at 2:30:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26

Northing: 746451.3

Surface Elevation:

Easting: 849835.2
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SM

SP

SP

silty SAND with clay trace gravel, loose, low to non-plastic fines, dry, light brown

gravelly SAND with silt, medium dense, non-plastic, dry, gray brown, sub-round to round
gravel

decrese in gravel

Surface soils appear to be disturbed
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Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 1 of 2
Boring # PP-5

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 2:50:00 PM

Date/Time Finished: 10/28/2011 at 3:45:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746369.7

Surface Elevation:

Easting: 850548
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decrease in silt
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 2 of 2
Boring # PP-5

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/28/2011 at 2:50:00 PM

Date/Time Finished: 10/28/2011 at 3:45:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746369.7

Surface Elevation:

Easting: 850548
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SP

SP

silty SAND trace gravel, very dense, non-plastic fines, dry, light brown

sandy CLAY, dense, low to medium plastic fines, dry, brown

gravelly SAND with silt, very dense, non-plastic fines, dry, gray brown, sub-round to round
gravel

SAND with gravel trace silt, dense, non-plastic fines, dry, gray, sub-round to round gravel
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 1 of 2
Boring # PP-6

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 1:30:00 PM

Date/Time Finished: 10/27/2011 at 3:00:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor/South Side of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746397.4

Surface Elevation:

Easting: 851279
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SP

SP

gravelly SAND trace silt, dense to very dense, non-plastic fines, dry, gray brown, sub-round to
round gravel

Drove rock
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Sheet 2 of 2
Boring # PP-6

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/27/2011 at 1:30:00 PM

Date/Time Finished: 10/27/2011 at 3:00:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: CME 85Drilling Contractor: Yellow Jacket

Drilled by: Steve

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor/South Side of Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746397.4

Surface Elevation:

Easting: 851279
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SM

SM

SP

GP

silty SAND with clay trace gravel, low plastic fines, dry, light brown

silty SAND with gravel, medium dense, non-plastic fines, dry, light brown

gravelly SAND with silt, dense to very dense, non-plastic fines, dry, gray brown

sandy GRAVEL trace silt, very dense, non-plastic fines, dry, gray brown, sub-round to round
gravel

Shelby tube pushed from surface to 2.5' below ground
surface.
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Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Boring # PP-7

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/31/2011 at 2:50:00 PM

Date/Time Finished: 10/31/2011 at 3:50:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: BK 81Drilling Contractor: Yellow Jacket

Drilled by: David

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor/Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746637

Surface Elevation:

Easting: 851500.8
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Soil Samples

Material Description
(MAJOR SOIL TYPE, apparent consistency/relative density, plasticity, minor

components, other characteristics, moisture content, color)
Notes
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Boring # PP-7

SOIL BORING LOG

Logged by: JNH

Date/Time Started: 10/31/2011 at 2:50:00 PM

Date/Time Finished: 10/31/2011 at 3:50:00 PM

Checked by:

Drilling Method/Fluid: Auger/N/A

Drill Rig Type: BK 81Drilling Contractor: Yellow Jacket

Drilled by: David

Boring Backfill: Cuttings

Client: Curis Resources (Arizona) Inc.

Project No.: TU101-00448.03

Project: Florence Copper Project

Boring Location: Corridor/Proposed Pond

Drill Bit Size/Type: 4-1/4"/CME

Hammer Weight/Drop: 140 lb/30"

Groundwater Depth while Drilling:

Groundwater Depth after  hrs:

Total Depth Drilled: 26.5

Northing: 746637

Surface Elevation:

Easting: 851500.8
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ASTM D 5084-03

Falling Head / Increasing Tailwater Pressure

CLIENT:    
PROJECT: CURIS PROJECT NO. : TU101-00448/3
BORING NO. LAB NO.     : L2011-144
DEPTH  SAMPLE ID: 2011-144-4
SAMPLE NO. PP Composite TEST STARTED  : 12/02/11
SAMPLE TYPE Remolded TEST FINISHED : 12/07/11
CONF. PRESSURE. (psi) 5 SATURATED TEST: YES

MOISTURE/DENSITY        BEFORE AFTER
    DATA          TEST TEST

Wt. Soil + Moisture (g) 644.20 688.90
Wt. Wet Soil & Pan  (g) 644.20 886.30
Wt. Dry Soil & Pan  (g) 577.40 774.80
Wt. Moisture Lost   (g) 66.80 111.50
Wt. of Pan Only     (g) 0.00 197.40
Wt. of Dry Soil     (g) 577.40 577.40
Moisture Content % 11.6 19.3
Wet Density (pcf) 128.6 136.1
Dry Density (pcf) 115.2 114.1

Init. Diameter        (in) 2.875    (cm) 7.303
Init. Area          (sq in) 6.492    (sq cm) 41.883
Init. Height          (in) 2.940    (cm) 7.468
Height Change         (in) -0.200    (cm) -0.508
Consol. Height        (in) 3.140    (cm) 7.976
Area After Consol.  (sq in) 6.140    (sq cm) 39.616
  
Vol. Before Consol.   (cu ft) 0.01105     Specific Gravity 2.72
Vol. Before Consol.     (cc) 312.8     Assumed? Yes
Change in Vol.          (cc) -3.2
Cell Exp.               (cc) 0.0     Init. Saturation 66.5
Vol. After Consol.      (cc) 316.0     Init. Void Ratio 0.473
Vol. After Consol.    (cu ft) 0.01116     Final Saturation 100.0
Effective Porosity % 32.13     Final Void Ratio 0.488
Pressure Difference (psi): 0.00
C = 0.07392 Buret Constant, a 0.319
k, cm/s = C/t*log(h1/h2)

Permeability Test Trials
Time Cap Pedestal Elevation Total Permeability

Elevation Elevation Head Head k
min. cm cm cm cm cm/sec

0.0 40.8 0.7 40.1 40.1  
23.0 37.8 3.7 34.1 34.1 3.8E-06
19.0 35.6 5.8 29.8 29.8 3.8E-06
37.0 32.3 9.3 23.0 23.0 3.7E-06
28.0 30.3 11.3 19.0 19.0 3.7E-06
15.0 29.3 12.3 17.0 17.0 4.0E-06
32.0 27.6 13.9 13.7 13.7 3.6E-06

Avg.of Last 4 Rdgs. 3.7E-06
Max.Hyd.Gradient: 4.7

General Test Notes:
1) Tap water was used as the permeant.
2) Back pressure saturation continued until 'B' parameter a minimum of 0.95.
3) Target remolding parameters: 118.0 pcf @ 11.6% moisture.

FLEXIBLE WALL PERMEABILITY TEST
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FLEXIBLE WALL PERMEABILITY TEST

ASTM D 5084-03

Falling Head / Increasing Tailwater Pressure

CLIENT:    
PROJECT: CURIS PROJECT NO. : TU101-00448/3
BORING NO. LAB NO.     : L2011-144
DEPTH  SAMPLE ID: 2011-144-4
SAMPLE NO. PP Composite TEST STARTED  : 12/02/11
SAMPLE TYPE Remolded TEST FINISHED : 12/07/11
CONF. PRESSURE. (psi) 15 SATURATED TEST: YES

MOISTURE/DENSITY        BEFORE AFTER
    DATA          TEST TEST

Wt. Soil + Moisture (g) 644.20 683.80
Wt. Wet Soil & Pan  (g) 644.20 881.20
Wt. Dry Soil & Pan  (g) 577.40 774.80
Wt. Moisture Lost   (g) 66.80 106.40
Wt. of Pan Only     (g) 0.00 197.40
Wt. of Dry Soil     (g) 577.40 577.40
Moisture Content % 11.6 18.4
Wet Density (pcf) 127.4 136.1
Dry Density (pcf) 114.2 114.9

Init. Diameter        (in) 2.888    (cm) 7.336
Init. Area          (sq in) 6.551    (sq cm) 42.262
Init. Height          (in) 2.940    (cm) 7.468
Height Change         (in) -0.120    (cm) -0.305
Consol. Height        (in) 3.060    (cm) 7.772
Area After Consol.  (sq in) 6.255    (sq cm) 40.360
  
Vol. Before Consol.   (cu ft) 0.01115     Specific Gravity 2.72
Vol. Before Consol.     (cc) 315.6     Assumed? Yes
Change in Vol.          (cc) 1.9
Cell Exp.               (cc) 0.0     Init. Saturation 64.7
Vol. After Consol.      (cc) 313.7     Init. Void Ratio 0.487
Vol. After Consol.    (cu ft) 0.01108     Final Saturation 100.0
Effective Porosity % 32.74     Final Void Ratio 0.478
Pressure Difference (psi): 0.00
C = 0.07071 Buret Constant, a 0.319
k, cm/s = C/t*log(h1/h2)

Permeability Test Trials
Time Cap Pedestal Elevation Total Permeability

Elevation Elevation Head Head k
min. cm cm cm cm cm/sec

0.0 41.5 0.5 41.0 41.0  
35.0 39.9 2.2 37.7 37.7 1.2E-06
31.0 38.5 3.5 35.0 35.0 1.2E-06
26.0 37.5 4.5 33.0 33.0 1.2E-06
37.0 36.2 5.9 30.3 30.3 1.2E-06
48.0 34.6 7.5 27.1 27.1 1.2E-06

Avg.of Last 4 Rdgs. 1.2E-06
Max.Hyd.Gradient: 5.1

General Test Notes:
1) Tap water was used as the permeant.
2) Back pressure saturation continued until 'B' parameter a minimum of 0.95.
3) Target remolding parameters: 118.0 pcf @ 11.6% moisture.

Curis PP FWP REV A Knight Piésold 12/8/2011
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Curis Resources (Arizona) Inc. 
Production Test Facility  

Technical Specifications - Geosynthetics 
 

Section 1.0 - Introduction 

1.1 Scope and General Description of the Work 
The Scope of these Technical Specifications is to set out the requirements and procedures necessary to 
complete the installation of High Density Polyethylene (HDPE) geomembrane and geonet for the Water 
Impoundment, and Plant Runoff Ponds (the Ponds) at the Production Test Facility.  Other construction 
activities and associated materials are assumed to be addressed under separate specifications. 
 

1.2 General Technical Requirements 
The general technical requirements specified herein shall apply to all activities and operations relating to 
carrying out the Work or as required by the Engineer or Owner. 
 
In the event of a contradiction in the Technical Specifications and Drawings, the Contractor shall refer all 
questions to the Engineer for final decision.  Work that concerns the contradiction shall not be performed 
until the contradiction is remedied or explained by the Engineer.  In all events, the decision of the 
Engineer, on Owner’s approval, is final. 
 
This Specification stipulates materials and installation requirements for geosynthetics to be placed in the 
Ponds at the Production Test Facility.  If the Contractor wishes to deviate from these Specifications he 
shall notify the Engineer in writing providing a description of the deviation.  The description shall include 
data indicating the magnitude of the deviation, justification of the deviation, and the long-term worst-case 
impact of the deviation on the project.  Deviations in materials Specifications shall be subject to the 
approval by the Engineer and Owner prior to shipment of the materials. 
 

1.3 Definition of Terms 
“Owner” is defined as an authorized representative of Curis Resources (Arizona) Inc. 
 
“Engineer” is defined as representative appointed and authorized by the Owner.  The Engineer shall be a 
Registered Professional Engineer in the State of Arizona, or a designated site representative under the 
supervision of a Registered Professional Engineer. 
 
“Contractor” is defined as the party which has executed a contract agreement for the specified Work with 
the Owner. 
 
"Technical Specifications" is defined as this document, prepared by Knight Piésold and Co. (Knight 
Piésold) for the Production Test Facility Pond liners and all supplemental addenda. 
 
“Drawings” is defined as the Drawings, in conjunction with these Technical Specifications, titled “Curis 
Resources (Arizona) Inc. – Production Test Facility – Technical Specifications - Geosynthetics”, prepared 
by Knight Piésold and Co., dated January 24, 2011.   
 
“Work” is defined as the entire completed construction, or the various separately identifiable parts thereof, 
required to be furnished under the Contract Documents. 
 
“Site” is defined as the project area where the work is to be performed. 
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“Contract Documents” are defined as the Agreement, Addenda, Contractor’s Bid (when attached as an 
Exhibit to the Agreement), Bonds, General Conditions, Special Conditions, Technical Specifications, 
Drawings and all modifications issued after execution of the Agreement. 
 
“Modifications” are defined as changes made to the Technical Specifications or the Drawings, that are 
approved by the Owner and Engineer, in writing after the Technical Specifications and Drawings have 
been finalized. 
 
All slopes are defined as ratios of horizontal to vertical distances unless otherwise noted.    
 

1.4 Applicable Codes and Regulations  
The following publications of the latest issue are a part of this Specification, except where replaced or 
revised by local codes or ordinances having jurisdiction, in which case the more stringent shall govern.    
 
Any contradictions between standards shall be submitted to the Engineer for decision. 
 
American Society for Testing Materials (ASTM) 

Army Corps of Engineers Test Methods 

Occupational Safety and Health Administration, General Industry and Health Standards - OSHA 2206 (29 
CFR 1910) 

American Association of State Highway Transportation Officials (AASHTO) 

AASHTO - AGC - ARTBA - Task Force 25 

Federal Test Method Standards (FTMS). 

American National Standard Institute (ANSI) 

American Water Works Association (AWWA) 

Society of Plastics Industry, Inc (SPI) 

 

1.5 Limitations and Disclaimer 
This document titled Technical Specifications - Geosynthetics has been prepared by Knight Piésold and 
Co. (Knight Piésold) for the exclusive use of Curis Resources (Arizona) Inc. (Curis).  No other party is an 
intended beneficiary of this document or the information, opinions, and conclusions contained herein.  
The use of this document shall be at the sole risk of the user regardless of any fault or negligence of 
Curis or Knight Piésold. 
 
The information contained herein has been completed to a level of detail commensurate with the 
objectives of the assignment and in light of the information made available to Knight Piésold at the time of 
preparation.  This document has been reviewed and/or checked for conformance with industry-accepted 
norms and applicable government regulations. 
 
To the best of the information and belief of Knight Piésold, the information presented in this document is 
accurate to within the limitations specified herein. 
 
This report is Knight Piésold pdf file: Attach 9B - Production Test Facility - Liner Tech Specs - Rev 
0.pdf.  Any reproductions or modifications of this document are uncontrolled and may not be the most 
recent revision. 
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Section 2.0 - Quality Control/Quality Assurance Procedures 

2.1 General 
It will be the responsibility of the Engineer to assess whether the Work carried out by the Contractor 
meets the requirements of the Specifications.  This will not, however, relieve the Contractor of 
responsibility under the contract for sub-standard work.  To help ensure that the Work carried out by the 
Contractor meets the requirements of the Specifications, the Contractor shall be responsible for all 
Quality Control (QC) testing for the duration of the project.  The Engineer will perform Quality Assurance 
(QA) testing.  Quality Control testing shall be performed ahead of QA testing.   
 
The Contractor shall give the Engineer full cooperation in sample collection or performing tests and shall 
render such assistance as is necessary to enable sampling and testing to be carried out expeditiously.  
The Contractor shall allow sufficient time for the Engineer to perform the required test work as each 
section of the Work is completed.  The performing of such tests or the time taken to interpret their results 
shall not constitute grounds for a claim by the Contractor for additional compensation or an extension of 
time. 
 
Tests will be performed in accordance with the principles and methods prescribed by the ASTM and other 
such recognized authorities. 
 
The Engineer's staff will normally consist of a Project Engineer and a sufficient number of Lab/Field 
Technicians to assure that Work is being accomplished according to the Specifications.  The Lab/Field 
Technicians will report directly to the Project Engineer and will be responsible for the day-to-day operation 
of the site laboratory, performing field tests and assisting the Project Engineer in the inspection of the 
Work. 
 
The Project Engineer will have overall responsibility for the site work and will report directly to the Owner's 
Representative.  He will be responsible for all inspection and testing procedures as well as interpretation 
of the test results.  Liaison with regulatory agencies will be carried out through the Owner. 
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Section 3.0 - HDPE Geomembrane 

3.1 Geonet 
3.1.1 Material 

The geonet shall be non-deformed 3-dimensional drainage net (geogrid) constructed of extruded and/or 
polyethylene rods.  The net shall contain stabilizers to prevent ultra-violet (UV) light degradation.   
 
The finished product shall be supplied as prefabricated rolls custom-designed for this project so as to 
minimize field-seaming conforming to the Specifications shown below. 

 

Table 3-1: Geonet Physical Properties 

Net Property ASTM (Test Method) Value 

Resin Density(1) D 1505 0.94 g/cm3 

Carbon Black D 4218 or D 1603 2%(min) 

Nominal Thickness D 5199 0.20 in. (min) 

Nominal Mass/Unit Area D 5261 0.16 psf 

Transmissivity (2) D 4716 1 x 10-3m2/sec (min average) 

Tensile Strength 
D 5035 Modified 

(machine direction) 
45 lbs/in (min average) 

Notes: 
1) Fully compounded 

2) Gradient of 1.0, normal load of 10,000 psf, water at 70oF between stainless steel plates 

 
The supplier of geonet used in this Work shall take random samples from the roll goods in a quantity 
sufficient to show compliance with the material properties section of this Specification.  Samples shall 
have been tested by a qualified laboratory by methods specified in Table 3-1 for weight and grab, tear, 
burst, and puncture strength.  Sampling and testing shall conform to the Recommended Guidelines of 
AASHTO-AGC-ARTBA-Task Force 25. 
 
All roll goods shall be inspected on both sides for unmixed or poorly dispersed ingredients, the presence 
of contaminants or foreign particles, broken needles, holes or any other defects and all defects or 
impurities shall be removed or repaired before shipment. 
 
A log shall be maintained of all above and additional testing performed showing lot number, roll number 
and results.  This log shall be made available to the Owner and the Engineer. 
 

3.1.2 Installation of Geonet 

Individual panels of the geonet shall be laid out in an approved pattern that will produce the least amount 
of seams.  Horizontal joints on side slopes are to be avoided and panels should extend from the bottom to 
the top of a slope. 
 
The joints of the geonet shall be fastened at 3-foot centers, using plastic or nylon ties as recommended in 
the manufacturers printed literature.  Where exposed, the geonet shall be tied with UV resistant ties. 
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3.2 HDPE Geomembrane Liner 
3.2.1 Material 

The High Density Polyethylene (HDPE) geomembrane liner used in the facility shall be minimum 60-mil 
thickness as designated on the Drawings.  The HDPE liner shall be a high quality formulation containing 
approximately 97 percent polymer and 3 percent carbon black with antioxidants and heat stabilizers.  It 
shall be resistant to UV light. 
 
The liner material shall be composed of HDPE material manufactured of new, first-quality products 
designed and manufactured specifically for the purpose of liquid containment in hydraulic structures as 
applied to the mining industry. 
 
The HDPE material shall be free of holes, blisters, undispersed raw materials, or any sign of 
contamination by foreign matter.  Any such defects shall be repaired using extrusion fusion welding 
techniques or industry-accepted standard in accordance with the manufacturer's recommendations. 
 
Liner material samples and manufacturer’s minimum specifications for materials and installation shall be 
submitted to the Engineer.  A copy of the manufacturer’s Quality Control Manual (QCM) shall be 
submitted for approval, as required by the Engineer.  The material provided as HDPE liner shall conform 
to the following standards (refer also to GRI GM13, revision 9): 
 

 
 

Table 3-2: HDPE Liner Specifications Material Properties – Smooth 

Property 
ASTM Test 
Methods 

Material 
Values 

Units
Testing 

Frequency 
60-Mil   

Thickness  
(minimum average) D5199 

Nom. n/a 
Per roll 

Lowest Individual of 10 values -10 % 
Density (min. ave.) D1505/D792 0.94 g/cm3 200,000 lb 

Tensile Properties(1) (min. ave.) 

Yield Strength 

D6693  Type IV

126 lb/in 

20,000 lb 
Break Strength 228 lb/in 
Yield Elongation 12 % 
Break Elongation 700 % 
Tear Resistance 

(minimum average) 
D1004  42 lb 45,000 lb 

Puncture Resistance 
(minimum average) 

D4833 108 lb 45,000 lb 

Stress Crack Resistance(2) D5397  300 hours Per GRI GM10 
Carbon Black Content (Range) D1603(3) 2.0 to 3.0 % 20,000 lb 

Carbon Black Dispersion D5596 See Note 4 n/a 45,000 lb 

Oxidative Induction Time (OIT) (minimum average) (5) 

(a) Standard OIT D3895 100 minutes
200,000 lb 

(b) High Pressure OIT D5885 400 minutes

Oven aging at 85ºC (5), (6)      D5721 

Property 
ASTM Test 
Methods 

Material 
Values 

Units
Testing 

Frequency 
60-Mil   

(a) Standard OIT (min. ave.) -
% retained after 90 days 

D3895 55 % Per each formulation 

C-7 of 14



 

 
Production Test Facility Technical Specifications - Geosynthetics, Rev 0 

3-3 
 

Table 3-2: HDPE Liner Specifications Material Properties – Smooth 

Property 
ASTM Test 
Methods 

Material 
Values 

Units
Testing 

Frequency 
60-Mil   

(b) High Pressure OIT (min. 
ave.)- % retained after 90 days

D5885 80 % 

UV Resistance (7)                       GM11 

(a) Standard OIT (min. ave.) -
% retained after 90 days 

D3895 N.R(8) % 
Per each formulation 

(b) High Pressure OIT (min. 
ave.)- % retained after 90 days

D5885 50 % 

Notes: 
1) Machine direction (MD) and cross machine direction (XMD) average values should be the basis of 5 test specimens each 

direction.   

 Yield elongation is calculated using a gauge length of 1.3 inches.   

 Break elongation is calculated using a gauge length of 2 inches. 

2) The yield stress used to calculate the applied load for the SP-NCTL test should be the manufacturer’s mean value via MQC 
testing.   

3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable if an appropriate correlation to D 1603 
(tube furnace) can be established. 

4) Carbon black dispersion (only near spherical conglomerates) for 10 different views: 

9 in Categories 1 or 2 and 1 in Category 3. 

5) The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the 
geomembrane. 

6) It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response. 

7) The condition of the test should be 20 hr. UV cycle at 75ºC followed be 4 hr. condensation at 60ºC. 

8) Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in 
the UV exposed samples. 

9) UV resistance is based on percent retained value regardless of the original HP-OIT value. 

 
The Contractor shall provide a written material guarantee covering the HDPE liner materials, including 
degradation due to UV light, for a minimum warranty period of 15 years.  The material warranty shall 
cover the cost of any replacement material required to replace failed material.  A minimum 1-year 
installation warranty shall also be provided and shall cover the cost of labor and equipment to replace the 
failed material. 

 
3.2.2 Installation of HDPE Geomembrane 

The HDPE liner shall be installed on the areas shown on the Drawings or as directed by the Engineer.  
The surface on which the liner is to be installed shall be free of sharp particles, rocks, or other debris to 
the satisfaction of the Engineer.  Sharp objects shall be removed by raking, brooming, or hand picking as 
necessary. 
 
The Contractor shall supply the Engineer with panel layouts of the liner that must be approved by the 
Engineer prior to commencing the Work.  It is the Contractor’s responsibility to submit timely proposals 
(allowing a minimum of 2 weeks for approval). 
Installation of the HDPE liner shall be performed under the direction of a field Engineer or Supervisor who 
has installed a minimum of 2,500,000 square feet of flexible lining material.   
 
The liner shall be placed over the prepared surfaces using methods and procedures that assure a 
minimum of handling.  Adequate temporary and permanent anchoring devices and ballasting shall be 
provided to prevent damage due to winds.   
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To the extent possible, seams shall be oriented parallel to the slope of the ground.  The panels shall be 
secured temporarily with sandbags or other approved ballasting method to hold them in place until the 
field seams have been completed and the liner has been permanently anchored.   
 
The Contractor shall take into account that frequent high winds may result in delays.  The Contractor shall 
take all necessary measures to insure that each panel is sufficiently ballasted to prevent damage or 
movement by wind.  Fusion of panels and repairs will only be permitted under weather conditions allowing 
such work, and within the warranty limits of the liner manufacturer, as approved by the Owner and 
Engineer. 
 
Horizontal field seams on slopes shall be kept to a minimum.  Horizontal seams on steep slopes shall be 
avoided where possible by cutting the liner at a 45-degree angle.  Generally, horizontal seams are to be 
no closer than 5 feet from the toe of the slope.  If required, horizontal seams shall be made by lapping the 
uphill material over the downhill material.  Panels shall be shingled in a manner that prevents water from 
running beneath the liner.   
 
The liner shall be installed in a relaxed condition and shall be free of tension or stress upon completion.  
The installed liner shall contain sufficient slack material to allow for thermal expansion and contraction.  
Individual wrinkles should take the form of undulations in the liner, but should not be large enough for the 
material to fold over itself. 
 
During installation, the Contractor shall give each field panel an “identification” code number consistent 
with the layout plan.  The numbering system shall require the Engineer’s agreement.  The Contractor 
shall upgrade the layout plan as each panel is installed to show the location of each panel.  A field panel 
is defined as the area of liner that is to be seamed in the field (roll or portion of a roll cut in the field). 
 
Individual panels of HDPE material shall be laid out in a pattern that will produce the least number of 
seams.  The material shall be overlapped prior to welding.  Extreme care shall be taken by the Contractor 
in the preparation of the areas to be welded.  The joint interface shall be cleaned and prepared according 
to procedures laid down by the material manufacturer and approved by the Engineer.  Seaming shall not 
take place unless the panel is dry and clean.  All sheeting shall be welded together by thermal methods.   
 
Any liner area showing damage due to excessive scuffing, puncture, or distress from any cause, shall be 
replaced or repaired with an additional piece of HDPE liner.  The cost of replacing or repairing the liner 
shall be borne solely by the Contractor. 
 
The welding equipment used shall be capable of continuously monitoring and controlling the 
temperatures in the zone of contact (where the machine is actually fusing the lining material) to ensure 
changes in environmental conditions will not affect the integrity of the weld.  The double wedge fusion-
welding process shall be used unless alternate methods are approved by the Engineer.  Extrusion 
welding will be permitted to repair small areas or where test samples have been removed. 
 
No “fish mouths” will be allowed within the seam area.  Where “fish mouths” occur, the material shall be 
cut, overlapped, and an overlap extrusion weld shall be applied. 
 
Liner panels must have a finished overlap of 4 inches for double-wedge welding seams and 3 inches for 
extrusion welding seams.  Notwithstanding this provision, sufficient overlap shall be provided to allow peel 
tests to be performed on any seam. 
The temperature of hot air at the nozzle of any welding apparatus shall be controlled at all times such that 
the liner is not damaged.  Upon completion of the Work, all welds shall be tightly bonded. 
 
Handling and storage of HDPE liner material shall be in accordance with the manufacturer’s printed 
instructions.  All persons walking or working on the HDPE liner shall wear soft-sole boots. 
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3.3 Quality Control of HDPE Geomembrane 
Written certification shall be provided from the supplier that the material delivered to the project complies 
with these Specifications.  A copy of the manufacturer’s printed instruction for installation is also to be 
provided. 
 
The manufacturer of the liner shall take random samples of the liner material during manufacture.  
Samples shall be tested by a qualified laboratory using methods specified within this Section, or 
applicable ASTM standards, for thickness, strength, tear resistance, low temperature impact, density, and 
dimensional stability.  The results shall be supplied to the Engineer. 
 
The Contractor shall be fully responsible for carrying out all QC tests on HDPE liner and shall do so to the 
satisfaction of the Engineer and in accordance with this Specification.  On-site physical non-destructive 
and destructive testing shall be completed on all joints to ensure that watertight uniform seams are 
achieved on a continuous basis as installation proceeds.  At the time of bid submission, details shall be 
provided by the Contractor that set forth the method proposed for both destructive and non-destructive 
testing of seams.  The Engineer shall approve these methods prior to the Contractor commencing the 
Work.  Visual inspection alone is unacceptable. 
 
The welding equipment used shall be capable of continuously monitoring and controlling the 
temperatures in the zone of contact where the machine is actually fusing the material to ensure changes 
in environmental conditions will not affect the integrity of the weld.  Fusion of panels and repairs will only 
be permitted under weather conditions allowing work that is in conformance to the specifications and 
within the warranty limits imposed by the manufacturer. 
 
At a minimum, the Contractor’s field installation test program shall consist of periodic visual observations 
and continuity and strength tests as defined in the following subsections. 
 

3.3.1 HDPE Geomembrane Testing and Inspection  

These tests are to be made routinely on seams from each welding machine regardless of other types of 
testing required.  The procedure for both double wedge fusion and extrusion seams is described as 
follows (beginning of each day of seaming and upon resumption of work after any stoppage or operator 
change): 
 
 Run a test seam with each machine to be used.  Repair or replace and retest any machine determined 

to be defective or malfunctioning. 

 Visually inspect the seam for squeeze out and melt. 

 Record observations. 

 Perform a peel and shear seam strength test on each test seam as per Section 3.3.1.5 (on a continuing 
basis). 

 Visually check field seams for squeeze out, footprint, melt, and overlap. 

 Check machines for cleanliness, temperature, and related items. 

 
 

3.3.1.1 Visual Inspections 

The Contractor shall perform visual inspections of deployed and welded HDPE panels to identify defects, 
damage, or protrusion of sharp objects that may affect the integrity of the liner.  Defective or damaged 
areas will be marked and repaired according to the Technical Specifications.  
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3.3.1.2 Continuity Testing 

A maximum effort shall be made to install a perfect liner.  This implies that all seams completed in the 
field, patches, and extrusions shall be tested and recorded.  All failures shall be isolated and repaired as 
directed by the Engineer.  A general testing procedure is included as follows: 
 
 Test all field seams and patches with inter-seam pressure, vacuum box, or other approved methods.  

Pressure and vacuum testing are discussed in following subsections. 

 Isolate and repair all areas indicating any leakage.  Retest the repair. 

 

3.3.1.3 Inter-seam Pressure Testing 

All fusion-welded seams shall be pressure tested in accordance with the following procedures. 
 
 Seal both ends of the seam to be tested by applying heat to the end of the seam via a heat gun until 

flow temperature is achieved.  Clamp off the ends and let cool. 

 Insert a pressure gauge/needle assembly into the end of the seam and seal. 

 Apply between 40 and 45- pounds per square inch (psi) air pressure to the void between the two seams 
(for a minimum of 5 minutes). 

 The allowable leak down for the seam is 3-psi. 

 Enter the results of the test on the appropriate document, indicating either a passed or failed seam.  If 
the seam fails, the repair work and subsequent testing should be recorded on the same document. 

 

3.3.1.4 Vacuum-Box Testing 

All extrusion-welded seams shall be vacuum-box tested in accordance with the following procedures. 
 
 Mix a solution of liquid detergent and water and apply an ample amount to the area to be tested.  If a 

seam contains excess overlap or loose edges, it must be trimmed before testing. 

 Place a translucent vacuum box over the area and apply a slight amount of downward pressure to the 
box to seat the seal strip to the liner. 

 Apply a vacuum (3 to 5-psi) to the area.  Any leaks will become visible by large bubbles. 

 Enter the results of the leak test on the appropriate document, indicating either a passed or failed seam.  
If the seam fails, the repair work and subsequent testing should be recorded on the same document. 

 

3.3.1.5 Peel and Shear Strength Testing 

These tests shall be carried out on trial seams comprising a test weld 3 feet long by 1 foot wide for each 
welding machine at the following times: 
 
 At the beginning of seaming operations 

 After every four hours of seaming operation 

 After repairs have been made to the seaming equipment 

 By each Technician using the seaming equipment 

 As required by the Engineer. 

The test weld shall be marked with date, ambient temperature, and welding machine number.  Samples 
of the weld 1 inch wide by 8 inches long, shall be cut from the test weld and tested by the Contractor for 
shear and peel strength requirements.  Seams should be stronger than the material.  The weld sample 
shall be kept for subsequent testing on laboratory tensiometer equipment in accordance with the 
applicable ASTM standards.   
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Peel and shear seam strength testing shall also be carried out on samples of seams removed from the 
Work.  For these tests, the following procedures shall be followed:  
 

 Coupon sampling of all field seams, including patches and repair areas, shall be taken by cutting 
perpendicular to the seams a sample approximately 3 feet by 2 feet.  This sample shall be cut into three 
2-foot by 1-foot samples and labeled with seaming crew names, date, location, and individually marked 
“Owner Sample,” “QA/QC Sample,” and “Lab QA/QC Sample.”  The frequency and location shall be 
determined by the Engineer but shall not be less than one sample per 500 linear feet of field seams.  
These coupons shall be tested onsite for peel and shear seam strength and thickness.   

 

 Heat-welded seams shall be allowed to cool or warm to about 70F prior to testing.  Additionally, at the 
Engineer’s option, approximately 10 percent of the coupons (size 1 inch by 6 inches) shall be sent to an 
independent laboratory for confirmation testing.  Should the lab and field tests conflict, installation shall 
halt until the conflict is resolved to the satisfaction of the Engineer.  

 

 A QC Technician or field Engineer acting for the Contractor shall inspect each seam, marking his initials 
and date inspected at the end of each panel.  Any area showing a defect shall be marked and repaired 
in accordance with the applicable repair procedures. 

 
The Engineer will continuously inspect the installation of the HDPE liner to ensure that the procedures 
specified in this section are fully adhered to. 
 

Table 3-3: HDPE Liner Specifications–Field Seaming Requirements 

Property  
(Seam Strengths)(1) 

Test Method 
Material Values Units 

60-mil  

Peel 
ASTM D6392 

Fusion: 90 
Extrusion: 78 and FTB 

ppi 

Shear 120 ppi 
Notes: 
1) Seam tensile strength testing shall be performed at the same strain rate as the parent material. 

2) Film Tear Bond = FTB 

 

C-12 of 14



 

 
Production Test Facility Technical Specifications - Geosynthetics, Rev 0 

4-1 
 

Section 4.0 - Submittals 

The Contractor shall provide the Owner and Engineer with the following material submittals for review 
prior to the materials being approved for use on the project, or for the Work incorporating the material to 
be allowed to commence.  Data submitted shall include drawings showing essential details of any 
changes proposed by the Contractor. 
 

List of Required Submittals 
 

Section Subsection Material Details 

3.0 3.1 Geonet Material Specifications 

3.0 3.2 HDPE Geomembrane 
Material Specification/Warranty/ 

Roll Certification 
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Section 5.0 - As-Built Requirements 

To assist in the production of adequate as-built Drawings and documentation, the Contractor will be 
required to provide 1 full size (22 inches by 34 inches minimum) set of drawings red-lined with 
construction modifications to the Owner, specifically illustrating the following work elements: 
 

Geosynthetics – Seaming log, QC log and a full size (22 by 34 inch) drawing showing panel numbers, and 
locations and types of patches and seams. 
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Temporary APP Figure 8-1 – Site Plan 
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August 27, 2012 
 
 
Mr. Richard Mendolia 
APP and Drywell Unit – Groundwater Section 
Arizona Department of Environmental Quality 
1110 West Washington Street 
Phoenix, Arizona  85007 
 
 
Re:  Proposed Revised Design of One New Point of Compliance Well (M54-LBF/O) at the 

Florence Copper Project Site, Town of Florence, Pinal County, Arizona 
 
 
Dear Mr. Mendolia: 
 
The purpose of this letter is to request approval from the Arizona Department of Environmental 
Quality (ADEQ) of a proposed revised design for a for a Point of Compliance (POC) well (M54-
LBF) previously approved by ADEQ.  The proposed POC well will be installed in support of the 
proposed Production Test Facility (PTF) described in the Curis Resources (Arizona) Inc. (Curis 
Arizona) application for Temporary Aquifer Protection Permit (APP) submitted to the 
Department on March 1, 2012.  The location of the proposed POC M54-LBF has previously 
been provided to and approved by ADEQ.  The location and design was originally proposed in 
response to a request made by ADEQ in a meeting held on April 19, 2012.  In that meeting the 
Department requested that Curis Arizona add a down-gradient POC well with a screened 
interval that supplements the screened intervals of the two proposed down-gradient POC 
wells.  
 
Curis Arizona previously proposed that two existing test wells completed in the Lower Basin Fill 
Unit (LBFU) and the Bedrock Oxide Unit (P13-GL and O13-O) be converted for use as POC 
wells in support of the PTF.  Based on comments received from ADEQ, and the condition of 
well O13-O, Curis Arizona hereby withdraws our request to use wells P13-GL and O13-O. 
 
Curis Arizona hereby proposes to modify the proposed design of well M54-LBF to include a 
nested completion with individual casings completed in the LBFU and Bedrock Oxide Unit.  
The nested casings will be 2½-inch, schedule 80 polyvinyl chloride (PVC) with one screened 
interval in each casing.  The screened interval in the LBFU casing will be from 500 to 640 feet 
below ground surface (bgs).  The screened interval in the Bedrock Oxide Unit will be from 660 
to 1,200 feet bgs.  Each casing will be equipped with a low flow sampling pump.  Accordingly, 
the name of the POC well will be changed to M54-LBF/O.  A figure showing the proposed well 
design is included as Figure 1. 



Mr.	Richard	Mendolia	
Arizona	Department	of	Environmental	Quality	
August	27,	2012	
Page	2	

g:\projects\curis resources\38706-curis feasibility\correspondence\new poc m54-lbf\aug 2012\2012_0827 proposed new poc m54-ubf location.docx 

 
Other Proposed POC Wells 
 
Curis Arizona acknowledges ADEQ approval, as communicated in the April 19, 2012 meeting, 
of the location and design of replacement POC well M52-UBF as described in the Temporary 
APP application submitted on March 1, 2012. 
 
 
Curis Arizona looks forward to your approval of this proposal.  Please feel free to contact either 
Mark Nicholls (480-308-2658) at Haley & Aldrich, or myself (520-233-1930), with any questions 
you may have regarding the content of this proposal. 
 
Sincerely,  
 
Curis Resources (Arizona) Inc. 
 
 
 
 
 
Dan Johnson 
Vice President and General Manager 
 
 
Enclosures:  

 
Figure 1 
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The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 







!����2��B�;��1"�����"������"��

The public reporting and record keeping burden for this collection of information is 
estimated to average 4.5 hours for operators of Class I hazardous wells, 1.5 hours for 
operators of Class I non-hazardous wells, 3 hours for operators of Class II wells, 
and 1.5 hours for operators of Class III wells.
Burden means the total time, effort, or financial resources expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a 
Federal agency. This includes the time needed to review instructions; adjust the 
existing ways to comply with any previously applicable instructions and requirements; 
train personnel to be able to respond to the collection of information; search data 
sources; complete and review the collection of information; and, transmit or otherwise 
disclose the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. The OMB control numbers for EPA’s regulations are listed in 
40 CFR Part 9 and 48 CFR Chapter 15. 
Please send comments on the Agency’s need for this information, the accuracy of the 
provided burden estimates, and any suggested methods for minimizing respondent 
burden, including the use of automated collection techniques to Director, Office of 
Environmental Information, Collection Strategies Division, U.S. Environmental 
Protection Agency (2822), Ariel Rios Building, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460; and to the Office of Information and Regulatory Affairs, Office 
of Management and Budget, 725 17th Street, NW., Washington, DC 20503, Attention: 
Desk Officer for EPA. Please include the EPA ICR number and OMB control number 
in any correspondence. 

EPA Form 7520-14 Reverse 





 

  

APPENDIX H 
 

Revised Temporary APP Table 5.2 
PTF Closure and Post-Closure Cost Estimates 














	Cover Letter
	Response to Comments
	Comment 1
	Comment 2
	Comment 3
	Comment 4
	Comment 5
	Comment 6
	Comment 7
	Comment 8
	Comment 9
	Comment 10
	Comment 11
	Comment 12
	Comment 13
	Comment 14
	Comment 15
	Comment 16
	Comment 17
	Comment 18
	Comment 19
	Comment 20
	Comment 21
	Comment 22
	Comment 23

	Table 2-1
	Table 3-1
	Table 10-1
	Table 10-2
	Figures
	Figure 2-1
	Figure 2-2
	Figure 2-3
	Figure 2-4
	Figure 2-5
	Figure 2-6
	Figure 2-7
	Figure 2-8
	Figure 9-1
	Figure 9-2
	Figure 18-1
	Figure 18-2
	Figure 18-3

	Appendix A
	Existing Core Holes
	Abandoned Core Holes 
	Existing Wells
	Abandoned Wells

	Appendix B
	Appendix C
	Appendix D
	Attachment 9
	Table of Contents
	Table
	Exhibit 9A
	Table of Contents
	Drawings
	Table

	Exhibit 9B
	Table of Contents
	Tables
	Figures
	Appendix A
	Appendix B
	Appendix C

	Exhibit 9C
	Runoff Pond Design Report
	Flow Sheet - PTF Pilot Test and SX/EW
	Flow Sheet - Rinse Phase



	Appendix E
	Appendix F
	Appendix G
	28S
	53S
	94S
	95S
	133S
	135MF
	145MF
	149S
	162S
	325S
	337S
	338S
	356S
	357S
	366S
	414S
	415S
	447S
	448S
	453S
	454S
	455S
	456S
	459S
	460MF
	461MF
	462MF
	463MF
	465MF
	M32-UBF
	MCC544
	OB3-1
	OB4-1
	PW3-1
	PW4-1
	WW3

	Appendix H

	Text1: FIGURE 18-2
	Text2: FIGURE 18-3


